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THE NEW SPECTRUM. 





S. P. LANGLEY.* 

The writer (at the concluding meeting of the National Acad- 
emy of Sciences on April 18) remarked on the disadvantages in 
the matter of interest of the work of the physicist, which he was 
about to show them, to that of the biologist, which was con- 
cerned with the ever absorbing problem of life. He had, how- 
ever, something which seemed to him of interest, even in this re- 
spect, to speak of, for it included some indications he believed to 
be new, pointing the way to future knowledge of the connection 
of terrestrial life with that physical creator of all life, the Sun. 

He had to present to the Academy a book embodying the la- 
bor of twenty years, though at this late hour he could scarcely 
more than show the volume with a mention of the leading cap- 
tions of its subject. What he had to say then would be under- 
stood as only a sort of introductory description of the contents 
of the work in question, which was entitled ‘Vol. I. of the An- 
nals of the Astrophysical Observatory of the Smithsonian Insti- 
tution.” 

In illustration of a principal feature of this book, the Academy 
saw before them on the wall an extended solar spectrum, only 
a small portion of the beginning of which, on the left, was 
the visible spectrum known to Sir Isaac Newton. This was the 
familiar visible colored spectrum which we all have seen and 
know something of, even if our special studies are in other fields. 

It is chiefly this visible part which has been hitherto the seat of 
prolonged spectroscopic investigation, from a little beyond the 
violet, at a wave-length of somewhat less than 0.4% down to 
the extreme red, which is considered to terminate at the almost 
invisible line A, whose wave-length is 0.76». On the scale of the 
actual wave-length of light, then, where the unit of measurement 
(1p) is one-one-thousandth of a millimetre, the length of the 
visible spectrum is 0.36p. 

* Abstract of a paper read before the National Academy of Sciences at its 


Washington meeting, April 18, 1901.—From the Philosophical Magazine for July, 
1891. 
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The undue importance which this visible region has assumed 
not only in the eyes of the public, but in the work of the spectro- 
scopist, is easily intelligible, being due primarily to the evident 
fact that we all possess, as a gift from nature, a wonderful instru- 
ment for noting the Sun’s energy in this part, and in this part 
only. 

While, then, this part alone can be seen by all, yet the idea of 
its undue importance is also owing to the circumstance that the 
operation of the ordinary prism gives an immensely extended 
linear depiction of the really small amount of energy in this visi- 
ble part. There is also a region beyond the violet, most insignifi- 
cant in energy and invisible to the eye, and the association of this 
linear extension due to the prism, with the accident that the salts 
of silver used in photography are extraordinarily sensitive to 
these short wave-length rays, so that they can depict them even 
through the most extreme enfeeblement of the energy involved in 
producing them, also makes this part have undue prominence. 
This action of the prism and of the photograph is local, then, 
and peculiar to the short wave-lengths; and owing to it, all but 
special students of the subject are, as a rule, under a wholly er- 
roneous impression of the relative importance of what is visible 
and what is not. Thespectrum has really no positive dimension, 
being extended at one end or the other according to the use of the 
prism or grating employed in producing it. Perhaps the only 
fair measurement for displaying a linear representation of the 
energy would be that of a special scheme, which the writer had 
proposed, in which the energy is everywhere the same;+ but this 
presentation is unusual and would not be generally intelligible 
without explanation. 

The map before us will be intelligible when it is stated that it 
is, as to the infra-red, an exact representation of that part of the 
spectrum given by a rock-salt prism. The visible and ultra- 
violet spectrum given here is not exact, for the reason that it 
would take nearly a hundred feet of map to depict it on the pris- 
matic scale, though this is caused by but a small fraction of the 
Sun’s energy; so monstrous is the exaggeration due to the dis- 
persion of the prism. 

Looking, then, at the map: First, in the spectrum on the left 
and beyond 0.4, is the ultra-violet region, in fact almost invisibly 
small, but which in most photographs shows almost a hundred 
times larger than the whole infra-red. It really contains much 


+ American Journal of Science [3] xxvii, p. 169 (1884). 
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less than one-hundredth part of the total solar energy which ex- 
ists. Beyond it is the visible spectrum, containing perhaps one- 
fifth of the solar energy. 

As the writer has elsewhere said, ‘‘The amount of energy in any 
region of the spectrum, such as that in any color, or between any 
two specified limits, is a definite quantity, fixed by facts, which 
are independent of our choice, such as the nature of the radiant 
body or the absorption which the ray has undergone. Beyond 
this Nature has no law which must govern us.”’ 

Everything in the linear presentation, then, depends on the 
scale adopted. In other words, if we have the lengths propor- 
tionable to the energies, the familiar prismatic representation 
enormously exaggerates the importance of the visible, and still 
more of the ultra-violet region, and similarly the grating spec- 
trum exaggerates that of the infra-red region. Now he had 
given on the map before them, and through the whole infra-red, 
the exact rock-salt prismatic spectrum, but for the purpose of ob- 
taining a length which represented (though insufficiently) that of 
the visible spectrum, he had laid the latter down on the average 
dispersion in the infra-red, which was perhaps as fair a plan as 
could be taken for showing the approximate relation of the two 
fields of energy in an intelligible way, though it gave the visible 
energy too small. 

Let us recall, then, at the risk of iteration, that in spite of the 
familiar extended photographic spectra of the hundreds of lines 
shown in the ultra-violet, and in those of the colored spectrum, it 
is not here that the real creative energy of the Sun is to be stud- 
ied, but elsewhere, on the right of the drawing, in the infra-red. 
Looking to the spectrum as thus delineated, next to the invisibly 
small and weak ultra-violet, comes the visible or Newtonian-spec- 
trum, which is here somewhat insufficiently shown, and on the 
right extends the great invisible spectrum in which four-fifths of 
the solar energies are now known to exist. 

Of this immense invisible region nothing was known until the 
year 1800,% when Sir William Herschel found heat there with the 
thermometer. 

After that little was done (except an ingenious experiment by 

Philosophical Transactions, Vol. XC, p. 284 (1800). 

{ It should, however, be mentioned that important paper by Draper 
(Lond. Ed. & Dublin Phil. Mag., May 1843) was published in 1843, in which he 
appears to claim the discovery of the group here called por 
known to have a wave-length of less than lu. (Its true wave-length was not 
determined till much later.) Later, Fizeau seems to have found further irregu 


larities of this heat as long ago as 1847, and of its location, obtaining his wave 
lengths by means of interference-bands 


and which is now 


His instrumental processes, though cor 
rect in theory, were not exact in practice; and yet it seems pretty clear that he 
obtained some sort of recognition of a something indicating heat, as far down as 
the great region immediately above 2 on our present charts. Mouton (Comptes 
Rendus, 1879) confirmed this observation of Fizeau’s and contrived to get at 
least an approximate wave-length of the point where 


the spectrum (to him) 
ended, at about 18x. 
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Sir John Herschel|| to show that the heat was not continuous) 
till the first drawing of the energy curve by Lamansky$, in 1871, 
which, on account of its great importance in the history of the 
subject, is given on the map. 





It consists of the energy curves of 
the visible spectrum, and beyond it, on the right (and in illustra- 
tion of what has just been said it will be seen how relatively 
small these latter appear), of three depressions indicating lapses 
of heat in the infra-red. It is almostimpossible to tell what these 
lapses are meant for, without a scale of some kind (which he does 
not furnish), but they probably indicate something, going down 
to near a wave-length of lp. It is obvious that the detail is of 
the very crudest, and yet this drawing of Lamansky’s was re- 
markable as the first drawing of the energy spectrum. It at- 
tracted general attention, and was the immediate cause of the 
writer’s taking up his researches in this direction. 

It seems proper to state here that the true wave-lengths were 
at that time most imperfectly known, but that in 1884, and later 
in 1885,* they were completely determined by the writer as far as 
the end of what he has called ‘tthe new spectrum” at a wave- 
length of 5.3p. 

The upper portion of the infra-red is quite accessible to photog- 
raphy, and the next important publication in this direction was 
that of Captain (now Sir William) Abney,} which gave the pho- 
tographic spectrum down to about 1.1, much beyond which 
photography has never mapped since. 

From the time of seeing Lamansky’s drawing, the writer had 
grown interested in this work, but found the thermopile, the in- 
strument of his predecessors, and the most delicate then known 
to science, insufficient in the feeble heat of the grating spectrum, 
and about 1880 he had invented the bolometeré and was using it 
in that year for these researches. This may perhaps seem the 
place to speak of this instrument, though with the later develop- 
ments which have made it what it is today, it has grown to 
something very different from what it was then. 

It has, in fact, since found very general acceptance among 
physicists, especially since it has lately reached a degree of accu- 
racy, as well as of delicacy, which would have appeared im possi- 
ble to the inventor himself in its early days. 

Philosophical Transactions, vol. cxxx. p. 1, 1840. 
Monatsberichte der k. Akademie det 


S Wissenschaften zu Berlin, December, 
1871. 
* 


American Journal of Science, March 1884, and August 1886. 
+ Philosophical Transactions, vol. clxxi, p. 653, 1880. 
t Actinic balance 


, American Journal of Science, 3rd_ series, vol. xxi, p. 187, 
1881. 
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It may be considered in several relations, but notably as to 
three: (1) Its sensitiveness to small amounts of heat: (2) the 
accuracy of measurement of those small amounts; and (3) the 
accuracy of its measurements of the position of the source of 
heat. 

As to the first, 1t is well known that the principle of the instru- 
ment depends on the forming of a Wheatstone bridge, by the 
means of two strips of platinum or other metal, of narrow width 
and still more limited thickness, one of which only is exposed to 
the radiation. In some bolometers in use, for instance, the strip 
is a tenth of a millimetre, or one two-hundred-and fiftieth of an 
inch in width; and yet it is to be described as only a kind of tape, 
since its thickness is less than a tenth of this. 

The use of the instrument is then based on the well-known fact 
that the heating of an ordinary metallic conductor increases its 
resistance, and this law is found to hold good in quantities so 
small that they approach the physica!ly infinitesimal. 


In the ac- 
tual bolometers, for instance, the two arms ofa 


Wheatstone 
bridge are formed of two strips of platinum, side by side, one of 
which is exposed to the heat and the other sheltered. The warm. 
ing of the exposed one increases its resistance and causes a deflec- 
tion of the galvanometer. 

It was considered to be remarkable twenty years ago that a 
change of temperature of one ten-tnousandth of a degree centi- 
grade could be registered; it is believed at present that with the 
consecutive improvements of the original instrument and others 
including those which Mr. Abbot, of the Smithsonian Institution 
Observatory, has lately introduced into its attendant galyanome- 
ter, less than one-hundred-millionth of a degree in the chai 
temperature of the strip can be registered. 
sensitiveness of the instrument to heat. 


1o¢ ot 


This indicates the 


As to the second relation, some measures have been made on 


the steadiest light source obtainable. With ordinary photometric 
measures of its intensity one might expect a probable error of 
about 1 per cent. The error with the bolometer was insensible 
by any means that could be applied to test it. It is at any rate 
less than two one-hundredths of 1 per cent. If we imagine an 


absolutely invisible spectrum, in which there nevertheless are in- 
terruptions of energy similar to those which the eye shows us in 
the visible, then the bolometer, whose sensitive strip passes over a 
dark line in the spectrum, visible or invisible (since what’ is dark- 
ness to the eye is cold to it), gives a deflection on the side of cold, 
and in the warmer interval between two lines a deflection on the 
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side of heat; these deflections being proportionate to the cause, 
within the degree of accuracy just stated. 

The third quality, the accuracy of its measures of position, is 
better seen by a comparison and a statement; for if we look back 
to the indications of the lower part of Lamansky’s drawing we 
may see that at least a considerable fraction of a degree of error 
must exist there in such a vague delineation. Now, in contrast 
with this early record, the bolometer has been brought to grope 
in the dark and to thus feel the presence of narrow Fraunhofer- 
like lines by their cooler temperature alone, with an error of the 
order of thatin refined astronomical measurement; that is to 
say, the probable error, ina mean of six observations of the rel- 
ative position of one of these invisible lines, is less than one sec- 
ond of are; a statement which the astronomer, perhaps, who 
knows what an illusive thing a second of arc is, can best appre- 
ciate. 

The results of the writer’s labors with the bolometer in the 
years 1880 and 1881, and in part of his expedition in the latter 
year to Mount Whitney, were given at the Southampton meeting 
of the British Association for the Advancement of Science in 
1884.4 During these two years very many thousand galvanom- 
eter readings were taken, by a most tryingly slow process, to 
give the twenty or more interruptions shown at that time, below 
the limit of 1.1 of Abney’s photographs. The bolometer has 
been called an eye which sees in the dark, but at that time the 
‘“‘eye’”’ was not fairly open, and having then not been brought to 
its present rapidity of use, the early results were attained only 
by such unlimited repetition, and almost infinite patience was 
needed till what was inaccurate was eliminated. 

Several hundreds at least of galvanometer readings were then 
taken to establish the place of each of the above twenty lines 
during the two years when they were being hunted for, and this 
patience so far found its reward that they have never required 
any material alteration since, but only additions such as the 
writer can now give. The part below 1.1» he then presented (at 
the Southampton meeting of the British Association) as having 
been mapped for the first time. Mouton had two years before 
obtained crude indications of heat as far as 1.84, and Abney had, 
as stated, obtained relatively complete photographs of the upper 
infra-red extending to about this point (1.1,). 

The writer had already determined for the first time by the 
bolometer, at Allegheny and on Mount Whitney, the wave- 


amie Report British Association, 1882. Nature, xxvi. 1882. 
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lengths of some much remoter regions, including, in part, the 
region then first discovered by him and here called ‘‘the new 
spectrum,’ and was able to state that the terminal ray of the 
solar spectrum, whose presence had then been certainly felt by 
the bolometer, had a wave-length of about 2.8», or nearly two 
octaves below the “great A”’ of Fraunhofer. 

He stated in this communication of 1882 that the galvonome- 
ter then responded readily to changes of temperature in the 
bolometer strip of much less than one ten-thousandth of a degree 
centigrade (as has just been said, it now responds to changes of 
less than one one-hundred-millionth), and he added: ‘‘Since it is 
one and the same solar energy, whose manifestations are called 
‘light’ or ‘heat’ according to the medium which interprets them, 
what is ‘light’ to the eye is ‘heat’ to the bolometer, and what is 
seen as a dark line by the eye, is felt as a cold line by the sentient 
instrument. Accordingly, if lines analogous to the dark ‘ Fraun- 
hofer’ lines exist in this invisible region, they will appear (if I 
may so speak) to the bolometer as cold bands, and this hair-like 
strip of platinum is moved along in the invisible part of the 
spectrum till the galvonometer indicates the all but infinitesimal 
change of temperature caused by its contact with such a ‘cold 
band.’ The whole work, it will be seen, is necessarily very slow; 
it is, in fact, a long groping in the dark and it demands extreme 
patience. 

At that time it may be said to have been shown that these in- 
terruptions were due to the existence of something like dark lines 
or bands, resembling what are known as the Fraunhofer lines in 
the upper spectrum; but, apart from what the writer had done, 
no one then surmised how far this spectrum extended nor, per- 
haps, what these explorations really meant. They may be com- 
pared to actual journeys into this dark continent, if it may be so 
called, which extended so far beyond those of previous explorers 
that the determination of positions by the writer, corresponding 
somewhat to longitudes determined by the terrestrial explorer in 
anew country, was, by those who had not been so far but had 
conceived an inadequate idea of the extent of the region, treated 
as erroneous and impossible. 

A necessary limit to the farthest infra-red was in 1880 supposed 
to exist near the wave-length 1. Doctor John Draper,{ for in- 
stance, announced in other terms that the extreme end of the in- 
visible spectrum might from theoretical considerations, be proba- 
bly estimated at something less than the wave-length of 1p, 


{ Proceedings of the American Academy, Vol. XVI, p. 233 (1880). 


«oO 











422 The New Spectrum. 


whence it followed that the above value of 1.84 was impossible, 
and, still more, that of 2.8u. If, in this connection, we revert to 
our map, where the visible spectrum hasanextent in wave-lengths 
of 0.36, then, on that same scale, the length of the entire possi- 
ble spectrum, visible and invisible, was fixed by Draper at the 
point there shown near the band por. In still other words, ac- 
cording to him the very end of any spectrum at all would be 
about 3 on a scale in which the visible spectrum was 1. Doctor 
Draper’s authority was deservedly respected, and this citation of 
his remarks is made only to show the view tlien entertained by 
eminent men of science. 

Now, the writer had proved by actual measurement that it ex- 
tended far beyond this point, and had announced, as the result of 
experiment, that it extended at any rate to about three times the 
utmost length then assigned from theoretical reasons, by Draper, 
founded on the then universally accepted formula of Cauchy, 
which was later discredited by the direct experimental evidence 
given of its falsity by the bolometer. 

The bolometer, which is wholly independent of light as a sensa- 
tion and notes it only as a manifestation of energy, first lays 
down the spectrum by curves of energy, from which the linear 
spectrum is in turn derived. Two such curves taken at different 
times are given to show the agreement. 

There must now be explained, however briefly, the way in 
which these energy curves, which are the basis of all, have ac- 
tually been produced here. 

In making the map of the energy curves, it should be remem- 
bered that when an invisible band or line is suspected, its presence 
is revealed by the change of temperature in the bolometer strips 
affecting the needle of the galvanometer, causing this needle to 
swing this way or that; let us suppose to the left if from cold 
and the right if from heat. The writer’s first method was to 
have one person to note the exposure, another to denote the ex- 
tent of the deflection, and a third to note the part of the spec- 
trum in which it occurred. For reasons, into which he does not 
enter, this old plan was, as he has already said, tedious in the 
extreme and required, as has already been said, hundreds of ob- 
servations to fix with appropriate accuracy the positionin wave- 
length of one invisible line. It has been stated only about twenty 
such lines had been mapped out in nearly two years of assiduous 
work prior to 1881, and if a thousand such lines existed, it was 
apparent that fifty years would be required to denote them. 

The writer then devised a second apparatus to be used in con- 
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nection with the bolometer. This apparatus was’ simple in the- 
ory, though it has taken a dozen years to make it work well in 
practice, but it is working at last, and with this the maps in this 
volume of the ‘Annals’ and that before us have been chiefly made. 
It is almost entirely automatic and, as it is now used, a thousand 
inflections can be delineated in a single hour, much better than 
this could have been done in the half-century of work just re- 
ferred to. 

Briefly, the method is this: A great rock-salt prism (for a glass 
one would not transmit these lower rays nor could they easily be 
detected in the overlapping spectra of the grating) is obtained of 
such purity and accuracy of figure, and so well sheltered from 
moisture, that its clearness and its indications compare favor- 
ably, even in the visible spectrum, with those of the most perfect 
prism of glass, with the additional advantage that it is perme- 
able to the extreme infra-red rays in question. This prism rests 
on a large azimuth circle turned by clockwork of the extremest 
precision, which causes the spectrum to move slowly along, and 
in one minute of time, for example, to move exactly one minute 
of are of its length before the strip of the bolometer, bringing 
this successively in contact with one invisible line and another. 
Since what is blackness to the eye is cold to the bolometer, the 
contact of the black lines chills the strip and increases the electric 
current. The bolometer is connected by a cable with the galvan- 
ometer, whose consequent swing to the right or the left is photo- 
graphically registered on a plate which the same clockwork 
causes to move synchronously and uniformly up or down by ex- 
actly one centimetre of space for the corresponding minute. By 
this means the energy-curve of an invisible region, which directly 
is wholly inaccessible to photography, is photographed upon the 
plate. 

Let it be noted that whatever the relation of the movement of 
the spectrum to that of the plate is (and different ones might be 
adopted), it is absolutely synchronous—at least to such a degree 
that an error in the position of one of these invisible lines can be 
determined, as has been stated, with the order of precision of the 
astronomical measurement of visible things. 

The results were before them in the energy-curves and the lin- 
ear infra-red spectrum, containing over seven hundred invisible 
lines. This is more than the number of visible ones in Kirchhoff 
& Bunsen’s charts. The position of each line is fixed from a 
mean of at least six independent determinations with the accur- 
acy stated above. 











4.24. The New Spectrum. 





The reader will perhaps gather a clearer idea of this action if he 
imagines the map before him hungupat right angles to its actual 
position, so that a rise in the energy-curve given would be seen to 
correspond to a deflection to the right, and a fall, to one to the 
left; for in this way the deflections were written down on the 
moving photographic plate from which this print has been made. 
The writer was now speaking of the refinements of the most re- 
cent practice; but there was something in this retrospect of the 
instrument’s early use which brought up a personal reminiscence 
which he asked the Academy to indulge him in alluding to. 

This was that of one day in 1881, nearly twenty years ago, 
when being near the summit of Mount Whitney, in the Sierra 
Nevadas, at an altitude of 12,000 feet, he there, with this newly 
invented instrument, was working in this invisible spectrum. 
His previous experience had been that of most scientific men— 
that very few discoveries come with a surprise, and that they are 
usually the summation of the patient work of years. 

In this case, almost the only one in his experience, he had the 
sensations of one who makes a discovery. He went down the 
spectrum, noting the evidence of invisible heat die out on the 
scale of the instrument until he came to the apparent end even of 
the invisible, beyond which the most prolonged researches of in- 
vestigators up to that time had shown nothing. There he 
watched the indications grow fainter and fainter until they too 
ceased at the point where the French investigators believed they 
had found the very end of the end. By some happy thought he 
pushed the indications of this delicate instrument into the region 
still beyond. In the still air of this lofty region the sunbeams 
passed unimpeded by the mists of the lower earth, and the curve 
of heat, which had fallen to nothing, began to rise again. There 
was something there. For he found, suddenly and unexpectedly, 
a new spectrum of great extent, wholly unknown to science and 
whose presence was revealed by the new instrument, the bolom- 
eter. 

This new spectrum is given on the map, where it will be ob- 
served that, while the work of the photograph (much more de- 
tailed than that of the bolometer, where it can be used at all) 
has been stated to extend, as far as regular mapping is concerned, 
to about 1.1», everything beyond this is due to the bolometer, ex- 
cept that early French investigators had found evidence of heat 
extending to 1.8. Still beyond that Ultima Thule, this region, 
which he has ventured to call the ‘‘New Spectrum,” extends. It 
will be found between wave-lengths 1.8 and 5.3 on the map. 
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The speaker had been much indebted to others for the perfec- 
tion to which the apparatus, and especially the galvanometer, 
had been brought. He was under obligations particularly to 
Mr. Abbot, for assistance in many ways, which he had tried to 
acknowledge in the volume; but before closing this most inade- 
quate account of it, he would like to draw attention to one fea- 
ture which can not represented in the spectrum map before them, 
although it would be found in the book. 

During early years the impression had been made upon him 
that there were changes in the spectrum at different periods of 
the year. Some of these changes might be in the Sun itself. The 
major portion of those he was immediately speaking of, he be- 
lieved, were rather referable to absorptions in the Earth’s atmos- 
phere. 

Now these early impressions had been confirmed by the work 
of the Observatory in recent years, and charts given in the volume 
would show that (the Sun being always supposed to be at about 
the same altitude, and its rays to traverse about the same ab- 
sorbing quantity of the Earth’s atmosphere) the energy spectrum 
was distinctly different in spring, in summer, in autumn and in 
winter. The lateness of the hour prevented him from enlarging 
on this latter profoundly interesting subject. He would only 
briefly point out the direction of these changes, which were not 
perhaps to be called conspicuous, but which seemed to be very 
clearly brought out as certainly existing. With regard to them 
he would only observe, what all would probably agree to, that 
while it has long been known that all life upon the Earth, with- 
out exception, is maintained by the Sun, it is only recently that 
we seem to be coming by various paths, and among them by 
steps such as these, to look forward to the possibility of a 
knowledge which has yet been hidden to us of the way in which 
the Sun maintains it. We were hardly beginning to see yet how 
this could be done, but we were beginning to see that it might 
later be known, and to see that the seasons, which wrote their 
coming upon the records of the spectrum, might in the future 
have their effects upon the crops prevised by means somewhat 
similar to those previsions made day by day by the Weather 
Bureau, but in ways infinitely more far-reaching, and that these 
might be made from the direct study of the Sun. 

We are yet, it is true, far from able to prophesy as to coming 
years of plenty and of famine, but it is hardly too much to say 
that recent studies of others as well as of the writer strongly 
point in the direction of some such future power of prediction. 
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THE GREAT FIREBALL OF DEC. 7, 1900. 





LELA LORENA STINGLEY.* 





FOR POPULAR ASTRONOMY. 


About 3:20 p. M. on Friday, Dec. 7, 1900, a great fireball passed 
over the northwest quarter of the state of Colorado. Circulars 
of inquiry were sent from the Chamberlin Observatory to main 
post-offices in Colorado and the adjoining states. The questions 
were as follows: 

1. Where was the observer and in what direction did he face ? 

2. Did the meteor pass directly overhead? If not, did it go 
north of the zenith or south of it? 

3. How many seconds was it visible? 

4. Was it seen to split up? 

5. Describe the sound it made, if any was heard. 

6. How long after the passage of the meteor was the sound 
heard ? 

7. Was any heat from it noticed? 

8. Did the meteor fade away gradually, or was it suddenly ex- 
tinguished while still hot? 

9. Describe its size, shape, brightness and color. 

10. When first seen how many degrees above the horizon was 
it? How many degrees when it burst? How many when it van- 
ished? 

11. When first seen in what direction was it from the ob- 
server? In what direction when it burst? In what direction 
when it vanished? 

12. In what direction did it move? 

To assist in obtaining information, Mr. J. D. Dellenback, of 
University Park, through the agency of the Western Newspaper 
Union, had lists of questions published in local papers through- 
out the state. Over 150 replies were received from eye witnesses 
of the phenomenon. Each of these replies was analyzed, and re- 
sults were tabulated. Tracing paper was placed over a large 
map of Colorado, and the points of observation were located on 
it; lines were drawn from these points, corresponding to the di- 
rections in which the meteor was first and last seen, and where it 
burst. From intersections of a number of these lines, together 
with the locations of points where the fireball was seen to go 
nearly or directly overhead, the path of the meteor was found to 
have been nearly through the zenith of La Salle and thence north- 
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west, over the Medicine Bow Range. Near these mountains it 
exploded, and a number of the fragments fell to the ground; but 
the main portion probably passed on, going almost over Pearl, 
Colorado. 

By combining the observations ot Miss Walker, of Denver, and 
Professor Weiss, of Golden, who had accurately measured the al- 
titude and azimuth at which it was first seen, triangles were 
formed, and the height of the object, at the beginning of its ob- 
served path, was computed to be about 25 miles. 

The height at the time of bursting, which was about twelve 
miles, was found by the help of the observations of Mr. Bartlett, 
of Colorado Springs, (Professor Loud, of Colorado College ac- 
curately measuring the angle of elevation and the bearing) to- 
gether with those of Mr. Cox, of Golden, and Mr. Tedmon, of 
St. Cloud. By using the measurements of the angle of elevation, 
made by Mr. Thomas, of Manassa, the meteor was found to be 
about seven miles high when it was near Pearl. This gentleman, 
who is a civil engineer, saw the meteor disappear behind a moun- 
tain many miles away; he was thus enabled to find its altitude 
and azimuth at the moment of disappearance quite accurately, 
with the transit instrument. The meteor was then fully 250 
miles away from him. 

After the path had been thus determined, the letters received 
were reread for the purpose of obtaining information concerning 
the explosion, the fall and other phenomena. The fireball must 
have been a very large one for to Miss Holdrege of Owl, it ap- 
peared as large asa barrel. The size varied for different points 
of observation, but even in Denver it appeared as large and as 
bright as Venus at her best. It had the shape of an egg with 
the larger end forward. When first seen it was white hot and 
so bright that according to some observers, it hurt the eyes to 
look at it, but it soon cooled and to most observers appeared 
red. At first this wonderful object was in one great mass, but to 
one at a distance it seemed to break up into pieces, near the end 
of its path, so that it very much resembled a sky rocket. 

The smoke which marked its path in the air remained in the 
sky for more than an hour. According to a few, the sparks 
which surrounded the meteor, resembled a large flock of birds, 
and made the sight a very beautiful one. 

The little boy of Mr. King, who lives at Pinkhamton, near the 
point of explosion, while lying on a hay rack with his face up- 
ward, saw the meteor when it made its first heavy report, and 
says it looked like a “railroad engine’’ with the smoke trailing 
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after it, and that it was not more than one or two seconds in 
getting out of sight. 

Mr. Coe, who lives three miles from Pinkhamton says it looked 
like a big round ball of fog 15 to 30 feet in diameter, and was 
whirling as a rifle ball would. One observer says it had all the 
colors of the rainbow. 

Mr. Tedmon of St. Cloud had the best view of the meteor 
when it exploded; he says, ‘‘ When it burst it looked to me as 
though it had been rent by an internal explosion, as the frag- 
ments flew apart in all directions; yet they seemed to hold the 
same general direction in which they had been traveling. They 
disappeared behind the mountain so soon after the explosion 
that I was unable to see whether the pieces kept nearly together 
or whether they separated.”’ 

One observer in Denver said the meteor seemed to separate 
into three distinct parts, which became farther apart as they 
traveled onward. 

Many in the northern part of the state, who did not see the ex- 
plosion itself, heard the terrific noise accompanying it. There 
was one loud report, and after a second of time, another, fol- 
lowed by others in rapid succession until the whole seemed like 
one long continuous roaring. 

Mr. Coe says that, after it was gone, for several seconds there 
was a noise similar to that made when a number of papers are 
thrown into a furnace fire on which there is a very heavy draft. 
Many heard a hissing sound and the report was so loud that one 
man who was in the house, thought that a great log had fallen, 
and was rolling over his roof. To one man in a mine it seemed 
as though his dump was sliding down the mountain side. 

“Before we heard the explosion,’’ writes Mr. King, ‘‘the cattle 
and the horses in the field around us began torun in all directions. 
Some of the people thought it was an earthquake for it made the 
Earth quiver.”’ 

The sound seemed to travel southeast. This may be explained 
by the fact that the meteor, when east of the observer, was, at a 
much greater distance than when west of them. The noise com- 
ing from the west, therefore, reached them more quickly than 
that coming from the east. Thus the sound seemed to roll from 
west to east, and gave the impression, to those who heard it, but 
did not see the body itself, that the meteor was traveling ina 
south-easterly direction. 

Mr. J. T. Shippey, of Walden, saw smoke rising from a high 
point on the Medicine Bow Range not far from Owls’ mountain. 
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It was so high up that he could not explain it on any other the- 
ory than that it was caused by the fall of the meteor or some 
portion of it. As he was unable on account of the deep snow to 
make a thorough search at the time, he filed a claim on a large 
tract of land, hoping thus to secure a title to the meteoric frag- 
ments. During the present summer he has found the peaks hard 
to scale. He has not yet reached the desired spot. 

One observer thought that he saw pieces fall in two places on 
the range. Two miners signed a letter stating that they were at 
the time working near Pearl, Colo., and saw the meteor fall in 
their vicinity. They wished to be paid for revealing the spot 
where it fell. Several letters were written urging that the meteor 
was of large pecuniary value and that the important thing was 
to obtain possession of itat once; but noreply wasever obtained. 

That the meteor, or some part of it, came to Earth in that re- 
gion is evident from the testimony of Mr. Godshall, manager of 
the Grand Encampment Mining Company, who was in Wyoming 
forty miles beyond Pearl and who saw it come down ina steep 
curve somewhere in the locality indicated by the miners. Un- 
fortunately that section is very sparsely populated. 

An average of the time-estimates made shows that the meteor 
was visible 4.2 seconds; during this time it traveled 111 miles; 
this gives an average velocity of over 26 miles per second. 

The radiant point has been found to lie in the constellation 
Aries about half way from the Pleiades to the head of Cetus, in 
right ascension 3" 22™ and north declination 17°.5. 

Among the interesting phenomena is that the meteor, being so 
high and so bright deceived many as to the place of its fall. A 
number of the students of the State School of Mines were so pos- 
itive that it fell just beyond a hill near Golden that they organ- 
ized a party to hunt for it; but after searching for a few hours 
they returned disappointed. Some of the observers in Buena 
Vista were sure it fell between them and a neighboring mountain. 
Others in Eaton went to look for it near by, but did not find it. 

To Mr. F. E. Coe it seemed to pass from sight among the trees 
beyond an open field in front of him, and fall about a half a mile 
away. To others near the Platte, smoke seemed to rise from the 
place where it disappeared. 

Mr. McKissack, of Fort Lupton, went to the place where it 
seemed to fall, and found theshort prairie grass burned in patches 
over an area of about two acres. The grass there is in small 
patches of ten or twelve feet in diameter, separated by broad 
road-like spaces of bare ground. Sometimes half of these patches 
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were burned. There was a sage brush burned about half way 
down from the top, the roots and branches remaining untouched. 
A German neighbor of Mr. McKissack’s who was in Platteville, 
thought it fell north of him. To another who lives about a mile 
south of Ft. Lupton, it appeared to fall on his farm where it 
stampeded his sheep. 

One man, who did not see the meteor, said he was surrounded 
by a pink and green light at the time. According to another, the 
whole town seemed lighted by electric lights. The people at 
Golden noticed a peculiar odor, and some students declare they 
smelt ozone just after the meteor passed. 

Upon the usual assumption that the path of the meteor was a 
parabola the orbit has been computed with the following results: 

Time of reaching perihelion T = Jan. 7.4, 1901, Greenwich M. 
T.; longitude of ascending node 8 = 75°.4; inclination of orbit 
to ecliptic i= 0°.5; longitude of perihelion 7 = 128°.0; log. of 
least distance from the Sun = 9.898. 

The small value of i shows that the orbit-plane nearly coin- 
cided with the ecliptic, and that the meteor’s motion at the time 
of collision was eastward like that of a planet. 

On Dec. 7, 1900, the meteor was moving with a velocity of 
26.4 miles a second, and caught up with the Earth, which had a 
speed of 18.6 miles per second. Taking into account the angle 
between their directions we find their relative velocity to have 
been 12.7 miles per second. The meteor was at the ascending 
node of its orbit when it met its fate. Had it not encountered 
the Earth it would have reached its perihelion on Jan. 7, 1901, 
being then only 73,400,000 miles from the Sun. If the estimates 
of the relative velocity of the bodies, which result from the work 
of the observers, had been taken as the basis of calculation the 
orbit would have come out a decided hyperbola. But the sudden 
appearance of a large fireball is so startling a phenomenon, and 
so bewildering to an inexperienced observer that estimates of its 
time of flight are notoriously inaccurate. 

The work of the Chamberlin Observatory upon this meteor is 
not finished. An endeavor will be made to keep alive the interest 
of people living near the place where the main body of the meteor 
is supposed to have fallen, in the hope that fragments may be 
recovered in due time. Arrangements have already been made in 
the University of Denver, for the analysis of any such fragments. 
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DETECTION OF NEW NEBULX BY PHOTOGRAPHY. 





The advantages of a photographic doublet over the ordinary 
photographic objective for astronomical work have already been 
pointed out by the writer elsewhere. Not only may a far larger 
field be covered by each photograph, but a much larger angular 
aperture may be employed. The greatest advantage is attained 
in photographing a faintly illuminated surface. If the angular 
aperture be defined as the linear aperture divided by the focal dis- 
tance, the amount of energy received on any portion of a sensi- 
tive plate exposed to the image of a given surface will be nearly 
proportional to the square of this quantity. The angular aper- 
ture of an ordinary objective seldom exceeds one-twelfth, that of 
a photographic doublet is often greater than one-sixth. The lat- 
ter will therefore accumulate more than four times as much 
energy as the former. If the time required to produce an image 
were that required to receive a certain amount of energy, the 
doublet would photograph a faint object in one-fourth part of 
the time required, under the circumstances above supposed, by 
an ordinary lens. In reality the difference is greater, since with a 
given lens the requisite time of exposure is more than doubled 
when the brightness of the object photographed is reduced by 
one-half. <A limit is reached with the most sensitive plates that 
have been made when applied to astronomy, owing to the light 
of the background or sky. Long exposures cannot be made in 
moonlight, or indeed on any night in the vicinity of a large city 
where electric lights are used. Evidently one of the most im- 
portant applications of the principles described above is to pho- 
tographing nebule. An attempt has therefore been made to 
enumerate all the nebula photographed in a given portion of the 
sky, and compare the result with that of existing catalogues. 
From this we may infer whether it is probable that the number 
of known nebulz may be greatly increased by this method. The 
region selected extended from 5" 10" to 5" 50" in right ascension, 
and from — 10° to + 5° in declination. The Nebula of Orion is 
near the center of this region, and several photographs had al- 
ready been taken of it at the Harvard College Observatory. The 
instrument employed was the Bache telescope, which has a pho- 
tographic doublet with an aperture of 8 inches and a focal dis- 
tance of 44 inches. Each plate covers a region ten degrees 
square, the definition being good in a central circular area about 
seven degrees in diameter. 

The examination of the plates was made by Mrs. M. Fleming, 
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according to the following method. Each plate was laid on a 
frame inclined at an angle of 45°, and the light of the sky re- 
flected through it by means of a horizontal mirror. Each por- 
tion of the plate was then studied with a magnifying glass, and 
the co-ordinates of every object resembling a nebula were meas- 
ured. The approximate right ascensions and declinations of 
these objects were next determined from the configuration of the 
adjacent stars on the charts of the Durchmusterung, which are 
upon the same scale of two centimetres to a degree. A compari- 
son was next made of all the objects detected upon any of the 
plates. The results of these two examinations are indicated by 
the following letters: A denotes that the object was found in the 
original examination of the plate; B, that, although overlooked 
at first, it was detected when looked for; C, that on the second 
examination its confirmation was.doubtful; D, that it was not 
confirmed; and E, that the region was not contained upon the 
plate. A repetition of the letter A indicates that the object was 
found independently on different plates; of B, that it was con- 
firmed when its position was known, although in general too 
faint to be detected independently; C does not confirm, and D in- 
dicates that the object may bea defect in the plate; E gives no 
evidence one way or the other. Four plates were examined in 
this way. A fifth plate, 2414, was used to check the results of 
the others. In the following description the first number refers 
to the series of plates taken with the Bache telescope. 


2312. February 6, 1888. Exposure 90". Declination — 10 
too". 

2325. February 7, 1888. Exposure 187". Declination — 10 
to O Images elongated owing to the length of the exposure, 


and bent up at the ends owing to the differential refraction. The 
back of the plate was covered with shellac and lampblack, to ab- 
sorb the light reflected from the rear surface of the plate. 

2335. February 13, 1888. Exposure 77". 
varnished like 2325. Declination — 7° to + ‘ 
2414. March 4, 1888. Exposure 78". 


Back of plate 
5 
Declination — 5° to 
+ 5°. The clock ran badly during this exposure, so that each 
star formed two images connected by a trail. 
2423. March 6,1888. Exposure 69". Declination — 5° to+ 5 
In the following table, a number for reference is followed by the 
approximate right ascension and declination for 1855, by the let- 
ters indicating the result of the examinations as described above, 
and by a final column giving the probable conclusion. The letter 
K denotes that the object is a known nebula, occurring in the re- 
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cent Catalogue of Nebulz prepared by Dr. J. L. E. Dreyer (Me- 
moirs of the Royal Astronomical Society, XLIX, Part I., page 1). 
N denotes that the object is a nebula, and, as it does not occur in 
the Catalogue mentioned above, we may infer that it has not 
previously been detected. D denotes that the object is probably a 
defect in the plate. All doubtful objects were carefully examined 
a third time, and a direct comparison of the plates generally left 
little uncertainty. A further description of these objects will be 
found in the remarks following the table. 


TABLE 1.—List oF NEBUL.®. 


No.| R. A. '55 | Decl. 1855 Exam Res N R,A.°55) Deel. 1855 Exan R 
h m , 1 
LiS 152/|+3 24; EEAC D 15/5 29.5 6 45; AACE|N 
2 19.0; —8 40} ADEE D 16 9.6 6 36 ABCE!|N 
3 24.3; —0 19| CACE D 17 81.5 (/ 10} ABEE|N 
1 25.1|—4 36) ABCE N 18 31.6 6 40; CACE!/|D 
5 25.3|—8 11/)]ABEE|N 9 32.9 1 32; AACC N 
6 25.8 |—0O 22; CACD|D 20 33.6 i 3 AAA ( N 
7 26.0 -Q 43 AAAA N 21 3.8 2 29 AAAB N 
S 26.0 1 56} ADDD|!D 22 1.3 2 20; AAAA|K 
9 26.3 0 25| AAAA N 23 4.5 1 50} AAAA|K 
10 28.0 —4 59 AAAA kK 24 35.7 4 40 AABA N 
11 28.0 6 oS 4 ACE K 25 39.3 0 1 AAAA(\K 
12 28.2 5 50; AAAE IN 26 39.6 O 16 AAAA/K 
13 8.5 3 35| ADDD D 27 11 0 21 DDDA|D 
14 29.4 0 20; AAAA N 
REMARKS 

1 In Plate 2335, DM. + 3°.871, Mag. 5.3, is situated a little outside the 
limits of the photograph. A band of nebulous light, however, extends about 10 
south of it. As this nebulosity is not confit d by Plates 2414 and 2423 it is 
probably due to a defect. 

2. Dreyer 1927 has the position, R. A. 5" 14.4, Decl 8° 30’, and is des 
cribed as a diffused nebulosity. No sucl s visible in the photographs in 
this position, but on Plate 2312 straight nebulous line extends from DM 

8°.1119 in R. A. 5" 19™.0, Decl 8° 40’, to DM 8°.1132 in R. A. 5" 21™.6 
Decl. 8° 50’. It passes through about sixteen fa t stars upon this line Most of 
these stars are also visible on Plate 2325, it the nebulosity is not perceptible 
there. Although perhaps a defect in Plate 2312, the resemblance to the nebulous 
lines found by MM. Henry in the Pleiades is striking 

3. An irregular patch of nebulous light about 8’ diameter, 6’ north of 
5 Orionis and preceding that star 0™.3. Probably a defect, as it is not confirmed 


by Plate 2312, 2335, or 2414 
4. Very faint nebulosity preceding and a little south of DM. — 4°.1162 
Not confirmed by Plate 2414. 
5. Faint nebulosity about 2’ in diameter 
6. Nebulous patch about 5’ in diameter 
7. Irregular oval ring having diameters 3’ by 5’. The position angle of the 
larger axis is about 165°. 
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8. Narrow line about 10’ long, doubtless a defect of Plate 2312. 

9. Nebula about 2’ in diameter, brightest on following side. 

10. Nebulosity surrounding c Orionis. Dreyer 1973, 1975 and 1977 are 
portions of this nebulosity where the condensation of light is sufficient to be 
visible to the eye. The photograph gives it an extension of 2".0 in right ascen- 
sion and of 2’.5 in declination. As it is connected on the following side by nebu- 
losity with the Great Nebula of Orion, true limits cannot be given in this direc- 
tion. The photographs of this nebula are nearly equal to the best drawings yet 
made of the Great Nebula of Orion, both in extent and in the amount of detail 
shown. 

11. A nebulous band extends south preceding from DM. — 6°.1234 for about 
6’. Plate 2325 shows that the whole of this region is included in No. 12. Dreyer 
1980 is near, and perhaps refers to this object. 

12. The Great Nebula in Orion, Dreyer 1976. With the sensitive plates and 
large aperture of the instrument here employed, the central portion of this 
nebula is burnt out with an exposure of an hour over a region of about — 1™.0 
in right ascension and 15’ in declination. The entire nebulosity extends continu 
ously from about 5" 26".0 to 5" 30".0 in right ascension, from —4° 40’ to —6° 10’ 
in declination. It therefore includes Nos. 11 and 12. The bright nebulosity 
Dreyer 1982, north following the Great Nebula, is connected with it by a nebu 
losity which photographs so intensely that the details of its structure are not 
well shown with long exposure. 

13. Defect in Plate 2312 

14. Faint nebula about 5’ in diameter. 

15. A large patch of faint nebulosity, probably connected with No. 12 
Dreyer 1999 is near here, but the description given is unlike that of this object. 

16. Perhaps this object should have been included with No. 15. 

17. Nebulous band 3’ wideextending 10’ north preceding from DM. —7°.1142 
Probably connected with No. 12 through No. 15. 

18. Nebulous band 3’ wide extending 5’ south preceding from DM. —6°.1275 
Probably a defect in Plate 2325. 

19. Nebulosity surrounding DM. — 1°.1001. 

20. Well-marked nebulosity surrounding DM. — 1°.1005. Uulike most 
nebulous stars, the nebulosity does not fade away towards the edges. It looks 
rather like an irregular oval nebula on which a star was supperposed. 

21. A large nebulosity extending nearly south from ¢ Orionis for about 60’ 
More intense and well marked on the following side, with a semi-circular indenta 
tion 5’ in diameter 30’ south of & All good plates of this region show this ob 
ject, and it has been used here as a test for some time. Attention was called to it 
ina letter of March 28, 1887, describing copies of some of these photographs 
sent to the Astrophotographiec Congress of 1887. This object and No. 23 are 
probably the same as those referred to by Admiral Mouchez in the ‘‘ Rapport 
Annual sur l’Etat de Observatoire de Paris pour Il’ Année 1887.” 

22. Dreyer 2023. The nebulosity which is mainly on the following side, 
takes the form of several spiral rays. 

23. Dreyer 2024. An irregular nebulosity next following ¢ Orionis, showing 
a very marked structure. A greater amount of detail is shown in this nebula 
than in any of the others of this list except Nos. 10 and 12. 

24. Nebulosity surrounding DM. — 2°.1350. 

25. Dreyer 2068, or Messier 78, is identical with this object. Dreyer 2064 
preceding O".4 south 5’, and Dreyer 2067 preceding O".2 north 2’, are shown in 
plates 2312, 2325, 2335, and perhaps in 2423. They appear to be connected by a 
nebulous band passing on the preceding side of Dreyer 2068, which does not in 
clude it. 

26. Dreyer 2071 

27. Detect in Plate 2423 


9 
=, 
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The total number of clusters and nebulz in this region which 
are contained in Dreyer’s Catalogue is eighteen. Besides those 
mentioned above are the following: 

1908. Very diffused nebula suspected by Herschel. Suspected 
in Plates 2312 and 2325; not seen on the other plates. 

1924. Not seen on any of the plates. Plate 2423 does not 
contain this region. 

1980. Included in No. 12. 

1981. Coarse cluster, well shown on all the plates. 

1990. Including « Orionis. Suspected on 2312, 2325 
2335; not contained on 2423. 

It therefore appears that fourteen of these objects are contained 
in Dreyer’s Catalogue and the photographs. Four in the Cata- 
logue are not photographed. Twelve are detected by the photo- 
graphs which are probably new. The region covered is about 
four one-thousandths of the entire sky, and the total number of 
objects in Dreyer’s Catalogue is 7840. If the same proportion 
held, we might expect to discover four or five thousand such ob- 
jects by photographing the entire sky. The vicinity of the Nebula 
of Orion has been so carefully studied by astronomers, that a still 
larger proportion of new objects might be found in other regions. 
Moreover, the southern sky has been comparatively neglected, 
and doubtless many faint nebulz have escaped detection there. 
As the telescope employed covers so large a field in each photo- 


, and 


graph, it would not be a large piece of work to cover the entire 
sky. Only four hundred plates would be required, if there were 
no losses by overlapping or defective plates. 

There is one consideration that may seriously modify this con- 
clusion. The successive improvements in photography have con- 
tinually increased the limits of the Nebula in Orion. These plates 
show that it not only includes the sword-handle, c, «, and 6, but a 
long nebulosity extends south from ¢, others surround this star, 
while others both north and southindicate that perhaps the next 
increase in sensitiveness of our plates will join them allina vast 
nebula many degrees in length. Another effect may be due to ac- 
cident, but appears to be connected with the presence of the 
Great Nebula. While the region around it is crowded with 
minute stars, its immediate vicinity is much freer from them, and 
the same effect is noticeable on the preceding side of No. 21. A 
similar effect is shown around the large nebula enshrouding the 
Pleiades, which appear to be of the same character. 

ANNALS OF HARVARD COLLEGE OBSERVATORY, 

Vol. XVIII., No. VI. 
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FoR POPULAR ASTRONOMY. 
CONTINUED. 

It is seen from (61) and (62) that the coefficients A®, BY, C& 
which enter into the development of the Perturbative Function, 
are identical with those of the development of the function 

(a? — 2Zaa’ cos (I— I’) + a”)—s 
into a series proceeding according to the cosine of /—/) and 
its multiples, s being essentially fractional and in the present 
3 5 


‘ase successively equal to 5, 5, 5, ete. 


: : a ; 
For sake of brevity we put toate and /— I = o, then we shall 
ce 


have 
(a? — 2aa’ cos (J— I’) + a”)— 8 = a’— 25 (1 — 2a cose + a?)—8, 
Put 


‘ 1 
(1— 2a cos + 0°)—*=5 P®) + P™ cose 


+ P®) cos 2o + ...... P® cos io (78) 
weer FO, PO, PO ...... P® are functions of « and s but inde- 
pendent of o. 

Injthe first member substitute for 2 cos o its value inimaginary 
exponentials, viz: 
2 cosa e7V—1 + «~~ °V—1 
where « is the base of the natural system of logarithms, and it 
becomes 
(1 — 2a cos o + a’)~§ (1 — ae°V —1—ae~°V —1 + a?)S 

= (1 — ae —i)-s (2 —ae—~°V —1)—S, 
The factors in the second member of this equation can be devel- 
oped by the Binomial Theorem thus, 


(1 —ae’°V—1)—S 1+ ; ars + - SS a) are?” ins 
S(s+1)(s+2) 5 30y/—1 s(s+1)..(s+i—1) , icy=i 
i ———_ i dias e eal 
—c/f—1\ ~*~ Ss —c/—1 S DY pas a 
(1-« V ) 1 + 5 a 1 + EF ) a cy 1 


s(s+1)..(s+ i—e2) . 


atnigipg stim 
le V 1 














J. Morrison. 437 


Multiplying these two series together and replacing 


eit a iV —1 by 2 cos Ia we have 
(1—2acose +4 a)? +j-4- = a? 4 Ne at 
+s(s+1)(s+2)?,, S(s+1)?(s+2)(s+3) 
1.2. 3 . 1.27.37 .4 me Veo 
m s(s+1),, s(s+1)%(s+2) 
Sa a’ a 
( :.3 i.2.3 
s*(s+1)?(s+ 2)*(s+83) we 
1.2.3°.4 es 
_" s(s+1) , s(s 1)(s+2) , 
os Hk PE i st. = 
s(s + 1)*(s + 2)(s 3) on Ie 
1-2?.3.4 sea 
ae 2) 5, s¥(s +1) (s + 2) (s+ 3) 
. ee ..3.3.4 
s?(s +1)? (s + 2) (s+ 3) (s +4) oy 
1 2 " { FB i meer jc 5s oO 
Lo fs($ + 1) (s + 2) (s+ 3) ; 
“~ i.2.3.4 
s(s+1)(s+ 2) (s+ 3)(s+ 4) \ 1 
a AEP cacasasacwed } cos o 
1.2.3.4.5 . 
Lo (S(st1)(s+2)...(sti—1)\( i, s(st+i) 24:3 
" es ae ay 1.i+1 
, S(s+1) (st+ai)(stitl) 44; , eam de 
i Moe So oe? ( COs 


Comparing the second member of this with the second member 
of (78) we have 


s\?, , (/s(st1)¥ (s(s+1)(s+2)\" 
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These series are always converging 


If we now make s 


this supposition, we shall have from the preceding formule 
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Expressing (78) in logarithms and then differentiating with re- 
spect to « we obtain 
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This equation gives the relation which exists among any three 
consecutive coefficients, and therefore enables us to compute any 
coefliicient when the two immediately preceding are known. 
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in Be tens 
Putting s = 5 in (81) gives 
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a relation which enables us to compute any coefficient when the 
two preceding ones are known from (85). Thus suppose i = 2 
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The derivatives of b‘, c and e® can now be easily obtained by 
differentiating (80), (85) and (88) with respect to a, thus we 
have 
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And in same manner we find 
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We must now establish the relations which connect the co-ef. 
ficients A®, B® and C®...... and their successive derivatives with 
regard to a, with those of b®, ce‘ 
their derivatives with regard to a. 


etc. 
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' ; a 1 
and in order to take into account the terms —;, cos ¢ and —. we 


a 
must have 
b® —— @ ‘ 
A®) ; for 1 1 
a 
O—2 . , 
BO) a3 for O (91) 
Differentiating (90) nm times in succession we have 
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and in the case of (91) we have 
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We form the derivatives of A®, B®, C®, etc. with respect to a, 
because we can always eliminate the derivatives with respect to 
a’ by equations (70) and (75). 

If we now substitute these values of A“, B®, etc. and their de- 
rivatives in the terms of (77), multiply each term by its proper 
argument and arrange in the form of series we shall have the 
development of ® to the degree of approximation which we have 
attempted. We may also remark here that the quantities b®, 
c®, e® remain the same whether we consider the action of the 
planet (1m’) on (mm) or vice versa. 

d® d® de 
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of (m) as affected by (m’) during the interval t. 
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THE WET AND DRY MOON. 





ARTHUR K. BARTLETT. 





A popular notion prevails that the position of the lunar cres- 
cent is purely an accidental circumstance, and that upon its ap- 
pearance depend changes in the weather which may be foretold 
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with accuracy, but no belief is more absurd or unfounded, and 
admits of a more easy scientific explanation. At the time of 
““new’’ Moon, the cusps or ‘‘horns”’ of the crescent sometimes 
lie in a line which is nearly parallel with the horizon. In the 
former case the Moon is commonly described as a ‘ wet’? Moon, 
and in the latter case as a ‘‘dry’’ Moon, and owing to the chang- 
ing position of the crescent seen upon the western sky after sun- 
set, such expressions as these are frequently heard: “If the 
Moon hes so water cannot’ run out, we shall have a drouth; “A 
wet Moon is one upon which the Indian can hang his powder 
horn,’’ ete. Now, it is a fact not generally known that the cres- 
cent Moon always appears ‘‘upon its back”’ in spring, near the 
vernal equinox, and “‘upon its end’’ in autumn, near the autum- 
nal equinox, and these positions, which occur regularly each year, 
may be easily understood by a little consideration after the con- 
ditions have once been carefully explained. 

The change of direction in which the Moon’s “horns” are 
turned is caused by the varying position of the Moon, when at 
her ‘‘new,’’ relatively to the Sun and Earth, and depends upon 
the difference in declination of the Sun and Moon. If the Moon 
be further north than the Sun soon after the ‘‘new,”’ the sunlight 
strikes under her and she appears with her “horns”? upturned: 
but if she be further south the light reaches around her disk to 
the northward, and her “‘horns’’ appear nearly vertical, as if the 
crescent Moon was resting upon one of them. We see the Moon 
in varying positions on the sky, and at first sight there appears 
to be no definite relation between her position and the position 
of her cusps or ‘‘horns.’’ In fact, this feature of her aspect has 
seemed so changeful and capricious that it has even been regarded 
as a weather token. But in reality there is a simple relation al- 
ways fulfilled by the Moon’s “‘horns,”’ or points of the crescent. 
The line joining them is always at right angles or perpendicular 
to a line drawn from the Sun to the Moon, so that the “horns’”’ 
are always turned directly away from the Sun. The exact posi- 
tion in which they will stand at any time is, therefore, easily pre- 
dictable, and has nothing whatever to do with the weather. 

As the Moon is always near the ecliptic, the line joining the 
cusps is always nearly at right angles to the ecliptic; and it fol- 
lows, of course, that as the angle at which the ecliptic is inclined 
to the horizon is variable, so the position of the line joining the 
cusps also varies with respect to the horizon. As respects the 
gibbous Moon, or Moon more than half full, these variations are 
not much noticed, but in the case of the ‘“‘new’’ or crescent Moon, 
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generally observed quite near the horizon, they are very note- 
worthy, and can hardly fail to attract attention. The line join- 
ing the cusps cannot be actually upright when the Sun is below 
the horizon, for the line must always be square to the great circle 
passing through the Sun and Moon, and of course, when the 
Moon is above and the Sun below the horizon, this great circle is 
inclined to the horizon, and a line perpendicular to it is corre- 
spondingly inclined from the vertical. Similarconsiderations will 
apply to the case of the ‘‘old’”’ crescent Moon before sunrise, soon 
after the vernal equinox, when the “horns” are turned in the op- 
posite direction. 

It will be obvious, from the extreme cases we have described, 
that the line joining the cusps may have every possible inclination 
to the horizon, from being nearly vertical to a horizontal posi 
tion, and even that the northern cusp may be below the southern, 
according to the season of the year and the Moon’s position in 
her orbit, ‘‘so that,’’ as the late Professor Proctor well remarked, 
“to assert that there will be such and such weather when the line 
joining the cusps is seen (for instance) nearly horizontal, the 
Moon being new, is the same as asserting that there must be such 
and such weather at the time of new Moon in February and 
March, if the Moon is then nearly at her maximum distance from 
the ecliptic. And so with all such cases. If there were any value 
at all in such predictions, they would imply the strictly cyclic re- 
turn of such and such weather.”’ 

The tradition that the crescent of the ‘new’? Moon, when 
nearly horizontal, foretells a ‘dry month,’’ or when nearly verti- 
cal a “wet month,” is too absurd to be refuted, as it is without 
any foundation whatever. Like most other so-called “signs,” 
those who accept them do so from coincidences observed. Cases 
which prove the ‘‘signs’’ are noted, but those which do not are 
neglected, and we are convinced only because we wish to be con- 
vinced. The nearly horizontal crescent always happens whenever 
the plane of the Moon’s orbit is in such a position as to carry the 
Moon past her conjunction above the Sun, and the vertical cres- 
cent in the opposite case. The changes from one to another are 
slow and gradual, and there can be nothing in either to affect 
temperature or moisture—that is, to cause or to prevent rain. 

A gentleman residing in the northern part. of Michigan, who is 
interested in astronomy, referring to the Moon and weather and 
requesting an explanation of the ‘‘ wet’’ and “dry’’ Moon ina 
letter to the writer, says: ‘If I may hope fora reply, perhaps 
you will also inform me why the new Moon at times presents the 
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appearance of having her horns upturned, and at others as 
though resting upon one of them, thus making what is called the 
wet or dry Moon. This is the only Moon sign that has ever 
seemed to me at all to depended upon, but if there is nothing in 
it, I should like it kicked away,” A number of similar inquiries 
have been addressed to me, both verbally and in writing, and 
they afford a fair illustration of the misapprehension—not to say 
ignorance—regarding the subject which prevails throughout the 
country, even among persons of education and general intelli- 
gence upon most branches of learning except physical science, and 
especially astronomy, which is sadly neglected in this mercenary 
age of the world.—Battle Creek Moon, Battle Creeck, Mrich., 
Sept. 4, 1901. 


THINGS OF PRESENT INTEREST IN ASTRONOMY. 

As the months of the fall pass and those of winter approach, 
the astronomer finds the skies and the long nights favorable for 
study and observation. At the beginning of this month, as 
usual, the heavens are very beautiful especially so to the naked 
eye, and they invite the student to give his nightly hours to 
many things of great importance to astronomy. 

As the Moon passed its first quarter during its present luna- 
tion, a grand sight was in view, from night to night, at early 
evening hours. The great planets Jupiter and Saturn, which 
were only a few degrees apart were near to the Moon’s path. 

While the Moon was a few degrees north of Jupiter, Saturn 
was nearly west forming very nearly a right-angle triangle. The 
mingled light of varying hues from these great bodies was beau- 
tiful to the naked eye. And as the two great plants were com- 
paratively near the Earth, the brilliancy of the celestial trio was 
nearly as great as it possibly could be. When the student trains 
his telescope on these celestial bodies, one after another, the end- 
less variety of detail in the surface marking makes a view so 
intensely charming that hours often pass before the ravished sight 
is satisfied with gazing. In many observatories scores of visit- 
ors have been greatly pleased and often astonished at the beau- 
ties of nature’s variety and order revealed by the telescope in a 
brief look at the great planets by its powerful aid. 

On the western horizon, or a little above it a few days ago, in 
twilight hours, came the planet Venns with sparkle and twinkle 
like that of a star, only many times brighter than the most bril- 
liant of all the starry host. 











Astronomers have been studying for months past the varia- 
tions of the new star in Perseus. 
Observatory in the world that has not given more or less atten- 
tion to this new star, in the hope of contributing something by 
observation of its varying brightness, so that astronomy may 
soon learn, if possible, what the causes are that have made such 
unusual fluctuations in its brightness possible. 

In recent studies of the Moon we are having some surprises 
that are not yet fully explained. 
that the lunar surface may be more or less covered with snow at 
certain times. 
Wm. H. Pickering photographed the Moan in a way to secure 
fuller data to bear on this question. 
there is at least added evidence that some snow is found on the 
From all that we can gather it does not yet appear 
that the fact is established, but rather that the probability of 
that result is somewhat increased. 


surface. 


In a recent mail from England we were favored by reprint 
copies of seven or eight important articles bearing on astronomi- 
cal subjects that concern practical work in various fields as it is 
now going on. 


r’. Rh. 8, 
land. 


note was: 


included, the total brightness of 1893 corona may be taken as 1.1 
full Moon, agreeing with the visual measures made, and that of 
1898 on the same supposition, would be 2.4 full Moon. 

Another paper by the same author has for its title: ‘‘ Positions 
of Nova Persei and 159 stars within 25’ distant from it. 
a photograph taken at the University Oxford, England.” 
paper indicates something of the work done at one Observatory 
Astronomers are stillat work on this interesting new star 
which is, at this writing (Sept. 23) just visible to the naked eye. 

Another brief paper of this same series by Professor Turner is 
a note on the accuracy of the star charts published by the French 
observatories as reproductions of their plates for the astro- 
graphic charts. 


only. 


One interesting point is made under the second part of this 
brief paper. 
with astronomers how accurately the places of stars could be 
obtained by means of photography and the measuring machines 
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who is connected with the Oxford Observatory in Eng- 
In his paper “On the brightness of the corona of the Sun 
of Jan. 22, 
‘The total brightness of the corona depends on the 
area of the sky included. 





There is scarcely a prominent 


It has been often suggested 
While in Jamaica, about one year ago, Professor 


The result seems to be, that 


These papers were all prepared by H. H. Turner, 


1898,”’ one of the conclusions of the preliminary 


If a circular area 5° in diameter be 


From 
This 


It has been a question of considerable moment 
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used for measuring their places in right ascension and declina- 
tion. That question is not yet settled. The beautiful reproduc- 
tions from the negatives made at the Paris Observatory seem to 
indicate that we can get star places from these paper charts at 
least as good as those obtained by the meridian instruments. If 
upon further study this view shall prove true, the advantage of 
photography, in stellar work will be greatly increased in the 
plans of astronomers prepared to use it. 

There is much that might be said under this head that deserves 
present attention, but we must desist for our space is limited. 
Some other things pertaining to other themes, as inviting as this 
will receive attention in our general notes elsewhere given. 


THE LIGHT CURVE OF THE NEW STAR IN PERSEUS. 





H. C. WILSON 

Soon after the first observations of the new star in Perseus be- 
gan to be published the writer commenced the collection of all 
the estimates and measures of the brightness of the star, and 
the notes appended in regard to its color, which came to hand. 
Much of his vacation time during the summer was spent in the 
reduction of the measures to one system and platting them so as 
to determine the form of the light curve. The star is still visible 
with an opera-glass and wanes so slowly that doubtless many 
observations will be obtained during the coming year. For the 
period from the time of discovery to June 1901, practically all 
the observations have probably been published, and it seems best 
to begin, ac one of the readers of PopuLAR AsTRONOMY has sug- 
gested, a resumé of the data at hand concerning this wonderful 
object. 

The list of observers is a long one, and many of them have had 
little experience in measuring the brightness of stars, but we 
have thought it best to include all of those who have given suffi- 
cient data to furnish a means of testing their results or whose 
experience justifies us in accepting their results without other test 
than comparison with others. There is one considerable list 
which we have omitted entirely because no details whatever of 
the observations are given. This is the list of observations by 
some forty observers, given in the Bulletin de la Société Astro- 
nomique de France for April, May and June 1901. The hour of 
observation being omitted in all cases, it is impossible to use 
these results in constructing the light curve. 
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In the list of observers we have given the references to the pub- 
lications containing the observations, using the following abbre- 
viations: 


AN. = Astronomische Nachrichten, No. ... 

AJ. = Astronomical Journal, No. ... 

ApJ. = Astrophysical Journal, Vol. ..., No. ... 

BA. = Bulletin Astronomique, Vol. ..., No. ... 

BSAF = Bulletin de la Société Astronomique de France, Vol. ..., p. ... 
cm. Comptes Rendus, Vol ..., No. .... 

MN. = Monthly Notices of the Royal Astronomical Society, Vol. ..., p. 
MSSI. = Memorie della Societa degli Spettroscopisti Italiani, Vol. ..., p. 
PA. Popular Astronomy, No. ... 


Nearly all of the observers, except those provided with photo- 
meters, made their comparisons of the light of the Nova with 
that of neighboring stars with the naked eve during February 
and March and with an opera-glass or small telescope after that 
time. The majority used the method of Argelander or method of 
steps or grades, in which the observer accustoms himself to esti- 
mate the difference in light between two stars in terms of a fixed 
unit—fixed for himself perhaps for a limited time, but varying 
with different observers. When it seemed possible we have com- 
puted the value of the step for each observer and these are given 
with other memoranda in the list of observers. 

The list of comparison stars which follows comprises all of the 
stars which have been used by the various observers up to June 
and all that need be used for some time to come, if the Nova con- 
tinues to wane as slowly as it has for the past three months. 
We have adopted as the standard magnitude for each star the 
mean of the three results given in the Annals of Harvard College 
Observatory, Vols. XIV, XLIV and XLV. A few of them were 
found also in Vol. XXIV, but for the sake of uniformity the re- 
sults from that volume were not used. Side by side with the 
Harvard magnitudes are given also those obtained from the 
Uranometria Nova Oxoniensis (Oxford) and the Potsdam Pho- 
tometric Durchmusterung, (Pub. Astrophys. Obs. zu Potsdam, 
Band XIII). A comparison of the results by a graphical process 
gave the following reductions to be applied to the Oxford and 


Potsdam magnitudes to make them consistent with the adopted 
system. 


Reduction. 


Mag Oxford. Potsdam. 
0.0 tL 0.05 — 0.30 
1.0 t 0.01 — 0.27 
2.0 — 0.03 — 0.23 
3.0 — 0.07 — 0.20 
4.0 0.11 — 0.17 
5.0 — 0.15 — 0.13 
6.0 0.20 — 0.10 


Mean - 0.07 — 0.20 
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These reductions have been applied to the published magni- 
tudes, where it was known that they were based upon either of 
the two systems, and when the details of the comparisons were 
not given so that a reduction of the original observations was 
impossible. 

LisT OF OBSERVERS OF NOVA PERSEI. 


Anderson, Rev. T. D., Edinburgh. Only the single observation at time of the 
discovery of the star has come to hand from this observer. 

Ambronn, Professor L., Géttingen. AN. 3708, 3716. A few photometric 
measures, but mostly naked eye estimates, reduced to the HP system 

Archenhold, F. S., Treptow near Berlin. AN. 3694, 3696, 3711. Observa- 
tions by Argelander’s method, based upon the Oxford system of magnitudes. 
Value of 1 step 0.08. 

Baliasny, Poltava. AN. 3700. 

Becker, Dr. E., Strassburg. AN. 3696. A single 
wedge photometer Feb. 26. 

Benko, I. von, Pola, Hydrographic office AN. 3706, 


vives a good series of observations by himself and four others, E. Marchetti, R 


set of observations with a 


3735. This observer 
Hohl, R. Miclaucic and K. Preinl. The observations are based upon the HP sys 
tem but no details of the comparisons are given 

Bohlin, K., Stockholm. AN. 3699, 3700. Thirteen observations from Feb. 
25 to March 22, with no details of the comparisons given; but the given magni- 
tudes of the comparison stars show that the observations have beén reduced to 
the Harvard system. 

Borisiak, A., Kiew. AN. 3700. Five observations from Feb. 21 to 28. The 
magnitudes are referred to the Oxford system 

Brenke, W. C., University of Illinois Observatory. PA. 86. Twenty-three 
dates, on seventeen of which the details of comparisons are given. 

Brooks, M., University of Nebraska. PA. 85 

Clark, Royal Observatory, Edinburgh. AN. 3694. See Copeland 

Clemens, Dr. H., Kiel. AN. 3693. Two measures with 
and 8-inch refractor, Feb. 23 and 24. The 


Capella is given . 


a W edge photometer 


magnitude of the comparison star 


Comstock, Professor G. C., Washburn Observatory, Madison. ApJ. XIII, 
337. A fine series of comparisons from Feb. 24 to May 12, made mostly with 
the aid of an opera glass. The separate comparisons are given so that reduction 
to any system iseasy. Value of one step 0™.10 

Copeland, Dr. R., Royal Observatory, Edinburgh. AN. 3694. A few early 
observations by himself and assistants, Dr. Halm and Mr. Clark. The compari 
son stars and difference of magnitude are given 

Daniel, Zaccheus, Buchnell University, Lewisburg, Pa. AJ. 502. Twenty 
three observations, from Feb. 25 to May 6, by Argelander’s method. The details 
are not given but the magnitudes of the comparison stars were taken from the 
Annals of Harvard College Observatory, Vol. XL\ 

Deichmuller, Professor F., Bonn. AN. 3700. Four observations March 8 
to 24. The observations are given in such a way that no step value can be de- 
duced and as none is given they are at present valueless 

Dunér, Professor N. C., Upsala. AN. 3696. A single statement that the 
star was as bright as Capella Feb. 23 and 24 

Epstein, Th., Frankfurt M. AN. 3712, 3735. Observations, the details 
of which are given, on 39 dates from March 7 to May 28 
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Fauth, Ph., Landstuhl. AN. 3694, 3699, 3700, 3708, 3716, 3717. A series 
extending from Feb. 26 to May 23. In May the details of the observations are 
not given. 

Gautier, Professor R., and M. Pidoux, Geneva. AN. 3699. 
March 7 and 8. 


Two estimates 


Glasenapp, Professor S. von, St. Petersburg. AN. 3700, 3706. Gives results 
of observations from Feb. 21 to March 25, without details except on March 19, 
20 and 25, by himself and other Russian obs 


ervers, Baliasny, Borisiak, K vasni- 
koff, Sviatsky and Tatschaloff. 


The system used was that of the Uranometria 
Oxoniensis. Glasenapp's value of 1 step 0.11. 

Graff, K., Urania Observatory, Berlin. AN. 3693, 3699, 3708, 3709, 3712 
The series extends from Feb. 23 to April 27. Few details of the observations are 
given but the magnitudes are those of the Potsdam system. 

Gyllenskéld, V. Carlheim, Stockholm. AN. 3712. From Feb. 25 to April 

The results are based upon the magnitudes of the Harvard Annals, Vol. 
XIV. The comparison stars are all given so that reduction to any other system 
is easy. 


18. 


The comparisons were made with the naked eye up to March 22 and after 
that with a binocular. 

Hadden, D. E., Alta, Ia. PA. 85, 86 and Mss. giving additional data of ob- 
servations from Feb. 26 to April 18. 


'. G, Georgetown College Observatory. Preliminary light curve of 
Nov i hirty-three dates, from Feb. 27 to May 4. The details of the 
con re given and reduced to the Harvard system. Value of one step 
O™.Gu. 
Hahn, Edinburgh. AN. 3694. See Copeland. 
Harkany varon B. and Messrs. Tasch and Terkdén, O-Gyalla. AN. 3706, 


3725. Feb. 28 to May 8. The observations were made with a 162™" refractor 
and wedge photometer. The magnitudes of the comparison stars are given as: 
a Persei 2.14; 5 Persei 3.19; € Persei 3.16; ¢ Persei 3.14. 

Hartwig, Dr. E., Bamberg. AN. 3692, 3693. 

Hohl, R., Hydrographic Office, Pola. AN. 3706. See Benko. 

Jost, E., KGnigstuhl near Heidelberg. AN. 3700, 3726. Fourteen observa- 
tions with a Toepfer wedge photometer and telescope of 31"™ aperture, from 
March 8 to April 22. Comparison stars ¢, », x, / and 30 Persei. 


System not 
stated. 


Kempf, Potsdam. AN. 3694, 3714. See Miiller. 

Kohl, T., Odder, Denmark. AN. 3709, 3712. Feb. 24 to April 25. 
teen rather rough observations with naked eye. 

Kreutz, H., Kiel. AN. 3692. Feb. 23-24. 


Seven- 


Approximate observations. 

Kiicera, O., Agram, Croatia. AN. 3699. Feb. 23-28. Approximate obser 
vations. 

Kiistner, F., Bonn. AN. 3730. March 2 to April 25. These observations 
on 14 nights by Argelander’s method, are given in detail. Value of one step 
0.10™., 

Kvasnikoff, Kaluga, Russia. AN. 3700. See Glasenapp. 

Laska, W., Lemberg. AN. 3708. Feb. 28-Mar. 20. The details of these 
observations on 12 nights are given. Value of one step 0.08™. 

Luizet, M., Lyons. CR. CXXXII, 9, 20. Twenty-seven dates from Feb 
26 to April 29. The observations were made with the naked eye by the method 
of steps. The magnitudes of the comparison stars are given as: a Tauri 1.0 
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8BGem. 1.2, a Persei 1.9, y Cass. 2.2, y Pers. 3.0, 6 Pers. 3.1, » Pers. 3.9. o Pers. 4.5, 
] Pers. 5.1, Fl. 36 5.3, Fl. 30 5.4, DM. 43°818 5.7; which agree practically with 
those which we have adopted. 

McClellan, Oxford. See Radcliffe Observers. 

Marchetti, E., Pola. See Benko. 

Markwick, Devonport. AN. 3692. One observation. 

Matthiessen, R. D., Holstein. AN. 3693. One observation 

Messow, B., Hamburg. AN. 3711. See Schorr. Value of 1 step 0.16. 

Meyermann, B., Géttingen. AN. 3708, 3716, 3735. Twenty-three dates, 
from March 24 to June 10. The comparison stars are named on each date but 
no details of the comparisons are given. The system of magnitudes is not 
stated but the results agree essentially with those reduced to the Harvard sys- 
tem. 

Miclaucic, R., Pola. See Benko 

Micou, R. D., University of Virginia. PA. 86 and Mss. giving details of ob- 
servations on thirty-three dates from Feb. 22 to April 16. Computed value of 
one step 0™.10. 

Miiller, G. and Kempf, P., Potsdam. AN. 3694, 3714. Three observations 
Feb. 23, 26 and 27 for which no details are given and seventeen photometric 
measures from April 9 to 2 


7 for which the comparison stars and their magni- 
tudes are given; so that their reduction to the Harvard system is easy. 

Naegamvala, Professor K. D., Maharaja Takhtasingji Observatory, Poona, 
India. MN. LXI, 338. A few rough estimates Feb. 25, 26, 27 and 28, valuable 
only as having been made on the opposite side of the globe, presumably in the 
gaps between the observations on this side. The times are unfortunately not 
given 

Nijland, Professor A. A., Utrecht. AN. 3692, 3699, 3722 Feb. 23 to April 
11. Eighteen observations, the last twelve made during the journey to Sumatra 
to observe the eclipse. The Harvard system of magnitudes was used. 

Oertel, K., Munich. AN. 3735. Twenty-seven dates from March 8 to May 
12. The observations were made with an opera glass but the details of compari- 
son are not given. The magnitudes of the comparison stars are given as: € Persei 
3.5, v4.0, « 4.0, 75.1, 30 Persei 5.4, 36 Persei 5.6, DM 44° 734 6.5, DM 42° 795 
6.5, these being the Harvard magnitudes except in the case of 36 Persei 

Olivier, C. W., University of Virginia PA, 86 and Mss. giving details of ob 
servations on twenty-three dates from Feb. 23 to March 31. Assumed value of 
one step O".10 

Parkhurst, J. A., Yerkes Observatory. PA. 84, ApJ. XIII, 3. Six visual 
and fifteen photometric observations from Feb. 24 to April10. The magnitudes 
are based on the Harvard system (Annals Vol. XL\ 


Pidoux, Geneva. AN. 3699. See Gautier 


Plassmann, J., Miinster i. W. AN. 3693, 3705, 3707, 3708, 3716, 3717, 
3722, 3735. A fine series given in detail from Feb. 23 to March 27, and with- 


out details up to July 19. The magnitudes given by the observer are re- 
ferred to the Harvard system. Value of 1 step 0.09 

Radcliffe observers, Dr. A. A. Rambaut, Mr. Robinson, Mr. Wickham, Mr 
McClellan, Oxford, England. MN. LXI, 348, 390, 467, 544. The observations 
by the four observers extend from Feb. 25 to June 8. The stars used in the sep- 
arate comparisons are given, as well as the list of their magnitudes. The Harv- 
ard system was used. 
Rambaut, Dr. A. A., Oxford. See Radcliffe observers 
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Riccd, Professor A., Catania. AN. 3708, MSSI. XXX, 79. A series of 
rough estimates from March 4 to April 17, and a series of measures with a wedge 
photometer from March 13 to May 9. The details of the photometric measures 
are stated and the magnitudes of the comparison stars are given according to 
the Potsdam Photometric Durchmusterung: a Persei 2.17, € 3.16, 63.32, « 4.01, 
v4.03, 1 5.10, 36 5.50, 725 P. P. D. 8.44. 

Robinson, Oxford. See Radcliffe observers. 

Scheller, Dr. A., Hamburg. AN. 3711. See Schorr. 

Schorr, Dr. R., Dr A. Schellerand B. Messow, Hamburg. AN. 3711, 3712. 
A series extending from Feb. 23 to April 2, with details of comparisions given, 
and a series from April 18 to 27 with neither the hours nor the comparisons 
given. Value of 1 step 0.14. 

Schwab, F., Ilmenau. AN. 3699. Observing Algol Feb. 21 at 7" 9™ and also 
at 95 19™ Greenwich Time, compared it with 0, &, », «, p and 16 Persei and could 
hardly have overlooked the Nova had it been as bright as 4.5. 

Schwab, F., Kremsmunster. AN. 3699. Feb. 26 to March 10. 

Seagraves, F. E., Providence, R. I. PA. 85, Feb. 24 to March 19. 
ate comparisons are given. Value of 1 step 0.10. 

Sharp, M. C., Highgate, N. London. MN. LXI, 396, 480, 550. A long series 
of observations but neither hour nor details of comparisons are given. The mag- 
nitudes are those of the Harvard system. 


Separ- 


Soares, M., de Mello e Simas, Ponta Delgado, Azores. AN. 3711. March 12 
to April17. The magnitudes are referred to the Harvard system but no details 
of comparisons are given. 

Sold, J. Comas, Barcelona. AN. 3714, 3716. March 6 to April 25. No de- 
tails of comparisons are given, but the magnitudes of the comparison stars are 
stated to be: 6 3.5, v4.1, « 4.4, 75.5, 30 6.4. 

Sperra, W. E., Barberton, O. PA. 85. Nine observations from March 5 to 
April 11, with comparisons given. Value of 1 step 0.05. 

Stebbins, J., Washburn Observatory, Madison, Wis. ApJ. XIII, 337. See 
Comstock. Value of 1 step 0.09. 

‘ 2 
arate comparisons are given, but from April 9 to May 6 only the resulting mag- 
nitudes referred to the Oxford system. Value of 1 step 0.08. 

Sviatsky, D., Orel, Russia. AN. 3700. See Glasenapp. 

Tasch, O-Gyalla. See Harkdényi. 

Tatschaloff, St. Petersburg. AN. 3700. See Glasenapp. 

Terkan, O-Gyalla. See Harkdnyi. 


Stratanow, W., Tachkent. AN. 3709, 3724. From March 7 to 21 the sep- 


Upton, Professor W., Ladd Observatory, Providence, R. I. PA. 84. 


Eight 
observations from Feb. 24 to March 7. 


Neither hours norcomparisons are’given. 
The magnitudes are based on the Harvard system. 

Valentiner, Dr. W., Heidelberg. AN. 3726. March 27-April 21. A ‘series of 
approximate observations of which the details are given. One step = 0.16. 

Ventosa V. and A. Vela, Madrid. AN. 3700. Five rough 
March 3 to March 14. 

Verschaftel, Abbé, Abbadia. BA. XVIII, 276. Ten 
naked eye, from March 23 to April 19. 


observations 


observations with 
The magnitudes of the comparison stars 
were taken from Hagen's first circular on the new star. 

Wendell, O. C., Harvard College Observatory. Manuscript copy {furnished 
by courtesy of Professor E. C. Pickering, Director of the Observatory. Twenty- 


eight photometric measures on the Harvard system from Feb. 22 to May 8, and 
one on July 12. 








H. C. Wilson. 4.5% 





Wilson, H. C., Goodsell Observatory of Carleton College, Northfield, Minn. 
PA. 87. Twenty-nine observations from Feb. 26 to April 26, made with 
naked eye and opera glass. Value of 1 step 0.10 

Williams, A. Stanley, Hove, England. MN. LXI 337, 396, 480, 550. A 
series from Feb. 26 to June 10. Value computed for one step 0.08". 

Winkler, W., Jena. AN. 3694, 3699. Three observations, Feb. 27, March 
+ and 7, referred to the Oxford system 

Yendell, A. S., Dorchester, Mass. AJ. 499 and Mss 
vations on twelve dates from Feb. 24 to March 19. He 
step 0.08". 

Young, Professor Anne S., South Hadley, Mass. PA. 86 and letter giving 
approximate hour of observation. Nineteen observations from March 2 to May 
6, those in March being made with the naked eye between 7" and 8", and the 
later ones with the aid of an opera-glass between 8" and 9" in the evening 

Zwack, P., Georgetown College Observatory. Preliminary light curve of 
Nova Persei. Twenty-nine dates from Feb. 27 to May 4. The details of com 


27 
Value of one step 0.05 


fine 


giving details of obser- 
gives as the value of one 


parison are given and reduced to the Harvard system 
LisT OF COMPARISON STARS FOR NOVA PERSEI 


Photomet M 


£ tudes 


Star. Harvard Adopted 








1 aLyrex, Vega 0.14 0.41 0.19 | 0.10 | 0.10 | 0.13 
2 adAurige, Capella — 0.08 | 0.46 | 0.18 | 0.24 | 0.24 | 0.22 
3 B Orionis, Rigel 0.32 0.28 | 0.40 | 0.33 
t aCan. Min., Procyon 0.50 | 0.75 | 0.46 | 0.47 | 0.45 | 0.46 
5 a Orionis, Betelgeuse 0.98 0.91 0.94 | 0.94 | 0.93 var 
6 a Tauri, Aldebaran 1.12 1.18 1.00 | 1.07 | 1.09 | 1.05 
7 $8 Geminorum, Pollux 1.36 1.54 : 39 1.25 | 1.26 | 1.21 
8 aLeonis, Regulus 142 (1.3 1.36 | 1.37 
9 a Geminorum, Castor 1.53 1.97 1.56 | 1.61 | 1.61 | 1.59 
10 vy Orionis 1.86 1.59 | 1.62 | 1.69 
11 «Urs. Maj. 1.86 1.76 1.44 | 1.69 
12 ¢ Orionis 1.85 1.76 | 1.74 | 1.64 | 1.71 
13 8 Tauri 1.79 ».02 1.90 1.66 | 1.66 | 1.74 
14 a Persei 1.98 | 2.17 1.94 1.85 | 1.85 | 1.88 
15 ¢Orionis 1.89 1.89 | 1.89 | 1.89 
16 Urs. Maj. 2.02 | 1.88 | 1.85 | 1.92 
17 aUrs. Maj. 1.89 1.96 | 1.93 | 1.95 | 1.95 
18 f§ Aurigze 1.94 2.07 1.98 | 2.08 | 2.04 
19 alUrs. Min., Polaris 2.05 2.15 | 2.20 | 2.10 | 2.15 
20 a Arietis 2.13 2.44 2.04 2.19 2.32 | 2.18 
21 j Urs. Maj. 2.38 | 2.18 | 2.07 | 2.21 
22 vy Andromedz 2.14 914 2.26 | 2.26 | 2.92 
23° BUrs. Min. 2.26 233 | 2.33 
24 vy Cassiopez 2.19 2.30 | 2.23 
25 B Persei 2.40 ur 
26 8 Cassiopeze 2.32 2.44 
27 a Cassiopeze 2.41 2.47 ur 
28 6 Onionis 2.36 2.59 ir 
29 vy Urs. Maj. 2.30 2.56 | 2.53 
30 ¢@ Aurigz 3.03 2.88 2.67 | 2.70 
31 6 Cassiopez 2.89 2.84 | 2.77 
32 12 Canum Ven 3.32 3.12 3.00 | 2.77 
33 i Aurige 2.87 2.86 | 2.72 99 
34 ¢ Persei 3.09 3.14 3.10 | 2.87 
35 ¢ Persei 3.13 3.16 3.04 » &8 
36 B Trianguli 3.12 3 2 se » OG 
37» Persei 3.06 is | 3.11 03 
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List OF COMPARISON STARS FOR Nova PERSEI.—Continued. 





Star. 


6 Persei 

y Urs. Min. 
» Aurigz 

e Cassiopeze 
6 Urs. Maj. 
a Trianguli 
n Cassiopez 
p Persei 

¢ Cassiopeze 
vu Persei 

c = 48 Persei 
o Persei 

» Persei 

v Persei 

k Persei 

— Persei 

rT Persei 

« Persei 

6 Persei 

Y Persei 

16 Persei 
 Persei 

\ Persei 

o Persei 

7 Persei 

34 Persei 

w Persei 

f Persei 

d Persei 
DM 
I] = 32 Persei 
o Persei 

31 Persei 
36 Persei 
30 Persei 

e Trianguli 
L3 Persei 
DM 45°811 
DM 46°669 
11 Persei 
DM 44°801 
DM 43°818 
DM 45°804 
DM 46°760 
DM 42°795 
DM 44°734 
DM 40°772 = 
DM 43°730 


DM 46°762 
DM 43°732 
DM 44°732 
DM 44°742 


+ 48°920 


Hagen 31 
Hagen 


Hagen 27 


Hagen 
Hagen 25 


Hagen 45 


Heis 44 


Hagen 
Hagen 
Hagen 


Hagen 3% 


Hagen 


Hagen 33 
Hagen < 


Hagen: 


Qo” 
od 


Photometric Magnitude. 


Oxford. 


3.31 





5.90 


Pots- 
dam. 


3.32 


3.65 


3.85 
3.92 
4.03 
4.01 
4,32 


4.66 
4.54 


6.55 
6.51 


6.56 


7.16 
7.46 





29 


“11 6 


Tae 


v8 


Det OR ee 


ph 


4.99 


Harvard. 


SEIV.| XE 
3.11 | 3.00 
3.10 | 3.16 
3.26 | 3.25 
3.40 | 3.39 
3.47 | 3.47 
3.58 | 3 58 
3.62 | 3.65 
3.78 | 3.65 
3.75 | 3.88 
3.88 | 3.89 
3.88 3.88 
3.93 | 3.93 
3.90 | 3.90 
4.07 3.98 
4.08 | 4.01 
4.07 | 4.14 


4.30 | 4.13 
4.22 | 4.31 
4.13 4.24 
4.30 | 4.30 
4.20 | 4.30 
4.50 1.76 
4.50 | 4.50 
4.53 | 4.71 
4.90 4.90 
1.80 4.86 
4.93 | 4.83 
4.90 | 4.94 
5.13 13 
§.03 | 6.15 
5.07 | 5.17 
5.27 | 5.39 
5.37 

5.48 | 5.48 
5.47 | 5.47 
5.60 | 5.63 
5.68 | 5.62 


6.50 | 6.45 


Adopted 
Magn, 


5.35 var. 


5.62 


gel ng teal es 
b 
iS) 





TO BE 


CONTINUED, 
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PLANET NOTES FOR OCTOBER. 
H. C. WILSON 


All the planets except Neptune will be visible in the south and southwest in 
the early evening during October. None of them are in really favorable positions 


MOTIZOM MNIEON 






ra “OrvM vsun oy 
“» ‘? —~ 
Ts 





Q 





SOUTH HORIZON 


THE CONSTELLATIONS AT 9 P. M., Oct. 1, 1901 


for observation in this latitude because of their low altitude 

Mercury must be looked for first, almost due southwest, soon after sunset. 
This planet will be at greatest eastern elongation, 25° from the Sun, on Oct. 12 
and!so will be visible to the naked eye perhaps for the first three weeks of the 
month. 


West nORizOom 
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Venus and Mars are more easily seen, being about 15 


farther toward the 
east than Mars and so more free from the twilight. 


They will be in conjunction 
with each other on the morning of Oct. 10, Mars being then about 1° north of 
Venus. 


Uranus is about 25° to the east of Mars at the beginning of the month but 
will be passed by Venus on the morning of Oct. 25. 

Jupiter and Saturn come next in order toward the east, making Sagittarius 
unusually brilliant by their added luster. 

The Moon will pass through this region of the sky in the middle of the month, 
being in conjunction with Mercury on the 14th, with Marsand Venus on the 15th, 
with Uranus on the 16th, with Jupiter on the 18th and with Saturn on the 19th. 

Neptune is in the opposite portion of the heavens, at the feet of Gemini. Its 
position Oct. 15 will be R. A. 6" 6™; Decl. + 22 


16’, less than 1° west from the 
star » Geminorum. 


Phenomena of Jupiter’s Satellites. 


Central Standard Time. 





h m h m 
Oct.4 7 18p.m. III Tr. Eg Oct.16 5 39Pp. Mm. I Sh. Eg. 
oa III Sh. In. 22 § 14 i ‘Ts. In. 
6 6 34 “ IV Tr. Eg. § 50 * III Oc. Re. 
S$ 20” I Oc. Dis 6 49 “ I Oc. Dis. 
a’ 6&6 a” : “Oe: 436 * III Ec. Dis. 
6 Ge “ I Sh. ‘a. ™ II Sh. In. 
7 oe | I Tr. 8 04 “ II Tr. Eg. 
. i * I Sh. 23 > 16 “ I Sh. In. 
8 5 24 “ II Sh. 6 22 “ I Tr. Eg. 
6 28 * I Ec. Re. 7 3 “ I Sh. Eg. 
11 6 75 “ HE “Ir. In. 24 6 138 * II Ec. Re. 
28 7 & “ II Oc. Dis. 29 6 58 * III Oc. Dis. 
am FF 3 * t Te. im. a. 2 II Tr. In. 
& Ge “ i Sh: In. 30 603 * i Te. in. 
15 . a. * II Sh. In. iu" I Sh. In. 
§ 23 “ II Tr. Eg. 8 21 I Tr. Eg. 
6 45 “ III Ec. Re. $1 6 42 I Ec. Re. 
eS oO * II Sh. Eg. (jo Tl II Ec. Re. 
8S 23 “ I Ec. Re 





The Moon. 
Phases. Rises. 


Sets. 
(Central Standard Time at Northfield; 
Local Time 13m less.) 





m h m 
Oct. 4 Last Quarter................. 10 P. M. 2 OG P. M. 
2 New Moon...... 32 A. M. 5 29 * 
20 First Quarter. ee 3 18 Pp. M. aa Sk 
ET FE Os vicsnncnscrecessccne 5 14 8 OOA. M. 





A Partial Eclipse of the Moon will occur Oct. 27. 


it willnot be visible 
in the United States. 


The beginning of the eclipse will be visible generally 
throughout the eastern portion of Europe, in Asia, the Pacific Ocean and Alaska; 
the end will be visible throughout Europe, the eastern part of Africa 


, in Asia and 
the Pacific Ocean. 
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The Satellites of Saturn. 
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234 164 
Nor th. 


APPARENT ORBITS OF THE SEVEN INNER SATELLITES OF SATURN, AT OPPOSITION 
IN 1901 AS SEEN IN AN INVERTING TELESCOPE. 


I. MIMAS. II. TETHYS V. RHEA. 
Period = 22.6 Period 14 214.3 Period 44 125.5 
Oct. 6 8.9 P.M. E h Oct. 2 os P.M E 
4 a: ~ Oct 2 7.8 A.M E 7 4. A. M. E 
oa ; t 6.1 E 11 4.9 P.M. E 
14 9.2 W eG 2 4 I: 16 = 4 : 
= ae § : ) > S.4Aa.M. E 
15 (.8 W 7 11.8P.mM E %1) 5.9 PLN > 
: - ‘ a ri y - O.. - M. E 
16 6.4 W Q 9.1 E 97 6.4 E 
17 5 1 ‘ W : , : “ ae A. M. y 
~. : ii 66.4 E 29 6.9P.M E 
23.—=sé8.1 E 13 ~~ E 
24 a7 “ E 2 E VI. TITAN. 
on = 4 E 15 1.1 : 
20 4 17 10.4 a.™M E Period 154 235.3 
II. ENCELADUS. 19 7.7 E 
Period 14 8°.9 21 : 1 - Oct. 4 11 P.M ] 
ho : 074 2.4 : 8 3.0 I 
Oct. 2 9.5 P.M. E 24 11.7 P.M E 12 11 W 
4 6.44. M. E 26 9.1 ~ I 16 1.6 S 
6 38nmu. E 8 66.4 Ee 20 121 E 
7 12.24. m. E O 3.7 A.M E 4 20 , 
8 91 “ E IS 3.1 \ 
- ee 6S IV. DIONE 
11 2.9 A. M. E VII. HYPERION 
is 228 “ E y ssi on i i 
13 8.7P.M E Period 2° 17".7 Period 214 74.6 
15 5.6 A.M E h 
16 2.5 P.M. E ’ Oct. 6 11.1P.m S 
7 iia * E Oct. 4 2.7 a. M E 11 LO E 
19 S&3a.M E 6 S4P.M E 16 8.6A:M. I 
20 5.2 P.M: E 9 2.1 E 22 8.6 * W 
22 an &. E 12 1.8 A. M E a8 8.6 * S 
ae 430 “ E 15 1.5 E 
24 7.9 P.M E 17 7.2P.M E VIII. IAPETUS 
26 1.8 A. M. E 20 12.9 E : os mer 
of 62.7 Bm: E 23 6.6A.M E Period 794% 22.1 
Bm 106 “ E 26 12.3 E h 
30 7.5 A.M E Ss 6.0 P.M E Oct 3 6.3 P.M. I 
3 1.4 P.M E L ik.v a: E 24 3.9 * W 











Asteroid Notes. 








Date. 
1901. 


Gt. 3 


Occultations Visible at Washington. 
IMMERSION. 


Star’s 
Name. 
71 Orionis 
«k Cancri 
36 Sextantis 
p' Sagittarii 
v Aquarii 
 Piscium 
22 Piscium 
6 Piscium 


Magni- Washing- 


tude. ton M.T. 
h m 

5.1 10 49 
5.0 14 47 
6.6 15 01 
3.9 9 17 
4.6 12 08 
4.7 8 01 
§.3 13 59 
4.6 14 02 


Angle 
f'm N pt. 

47 

115 

122 

75 

101 

41 

63 

pe 





EMERSION. 
Washing- Angle Dura- 
tonM.T. fmNpt. tion. 

h m ” h m 
11 30 309 O 41 
15 52 274 1 05 
15 58 276 0 57 
10 24 249 i OF 
12 57 216 0 49 

9 13 261 i 22 
14 59 255 0 59 
14 46 203 O 44 


ASTEROID NOTES. 


New Asteroids.—Professor Max Wolf announces the discovery of three 


minor planets by Carnera at Heidelberg during August. 


follows: 


1901 GQ 
1901 GR 
1901 GS 


Heidelberg M. T. 


h 

Aug.17 10 
23 12 

23 12 


R. A. 

m h m 
27.7 22 41 
12.3 23 O07 
12.3 23 03 
the 


Dr. Berberich calls attention to 
identical with (453) [1900 FA]. 


15 + 
28 


40 


Their positions were as 


Decl. Daily Motion. Mag. 

° , s , 

6 24 — 52 i) 11,0 
09 —60 — 4 11.0 
16 —i52 — 4 12.0 


probability that the last, 1901 GS, is 


Naming of the Asteroids.—The following asteroids, discovered by 
Charlois at Nice and observed through at least two oppositions, have recently 
been named (Astr. Nach. No. 3735): 


Number. 
(356) 
(358) 
(361) 
(362) 
(363) 
(364) 
(365) 
(367 ( 
(370) 
(372) 
(373) 
(374) 
(375) 
(376) 
(377) 
(378) 
(379) 


Preliminary 
Designation. 
1893 G 
1893 Kk 
1893 P 
1893 R 
1893S 
1893 T 
1893 V 
1893 AA 
1893 AC 
1893 AH 
1893 AJ 
1893 Ak 
1893 AL 
1893 AM 
1893 AN 
1893 AP 
1894 AQ 


Name, 
Liguria 
Apollonia 
Bononia 
Havnia 
Padua 
Isara 
Corduba 
Amicitia 
Modestia 
Palma 
Melusina 
Burgundia 
Ursula 
Geometria 
Campania 
Holmia 
Huenna 


Number. 
(380) 
(381) 

382) 

(388) 

(389) 

(390) 

(397) 

(402) 

(408) 

(404) 

(405) 

(4.09) 

(423) 

(424) 

(425) 

(432) 

(451) 


The following also, discovered by Wolf and 
have been named: 


(435) 
(436) 
(443) 


1898 DS 
1898 DT 
1899 EF 


Ella 


Patricia 


Photographica 


(446) 
(449 ) 


Preliminary 
Designation. 
1894 AR 
1894 AS 
1894 AT 
1894 BA 
1894 BB 
1894. BC 
1894 BM 
1895 BW 
1895 BX 
1895 BY 
1895 BZ 
1895 CE 
1896 DB 
1896 DF 
1896 DC 
1897 DO 
1899 EY 


Name. 
Fiducia 
Myrrha 
Dodona 
Charybdis 
Industria 
Alma 
Vienna 
Chloe 
Cyane 
Arsinoe 
Thia 
Aspasia 
Diotima 
Gratia 
Cornelia 
Pythia 
Patientia 


Schwassmann at Heidelberg, 


1899 ER 
1899 EU 


Aeternitas 
Hamburga 


Another has been named in honor of this year’s session of the Mathematical 
Society in Hamburg: 


(454) 


1900 FC 


Mathesis 
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EPHEMERIS OF ASTEROID (391) INGEBORG. 





[From Astr, Nach. 3734.] 
1901. R. A. Decl log r. log A. 
h m s 4 

Uct. 2 O 40 42 43.2 0.2079 9.8100 
£ 40 22 37.9 
6 10 O83 30.4 0.2089 9.8068 
8 39 45 23 21.0 
10 39 28 22 10.1 0.2101 9.8062 
i2 39 14 20 57.9 
14 39 O02 19 45.0 0.2114 9.8082 
16 8) 4. 18 31.7 
18 38 (51 17 18.3 0.2128 9.8129 
20 I8 53 16 5.3 
22 38 59 14 53.0 0.2144 9.8202 
24 39 11 13 41.7 
26 39 28 i2 319 0.2161 9.8300 
28 39 52 11 3.9 
30 O 40 23 10 23.0 0.2178 9.8419 


VARIABLE STARS. 


Nova Persei.—On August 21 Messrs. Flammarion and Antionadi an- 
nounced by telegraph that “photographs of Nova Persei taken Aug. 19 and 20 
present a nebulous aureole with sharply defined contour.” In A. N. 3736 further 
particulars are given. The photographs of the star region were obtained with a 
Hermagis photographic objective of 16cm. aperture and 70cm. focal length. The 
photograph, of 30" exposure on Aug. 19, shows that the image of the new star 
is very different in appearance from those of the neighboring stars of equal bright- 
ness, being surrounded by an intense penumbra with a sharp edge, measuring 
about 2’ in diameter. Another taken Aug. 20 with an exposure of 3" 20" shows 
the image of the star encroaching upon the first penumbra, but beyond this is an- 
other aureole measuring about 6’ in diameter. The appearance is said to resem 
ble the umbra and penumbra of a sunspot 

Professor Max Wolf gives some interesting results of experiments undertaken 
to determine the nature of the aureole in question. He concludes that it is prin- 
cipally an optical effect due to the fact that the light of the new star is rich in 
rays for which the objective used is not corrected. Some of his plates’seem to 
show also that there possibly is a faint and somewhat extended nebula surround- 
ing the star. 

In A. N. 3737 S. Kostinsky of the Pulkowa Observatory givessomewhat sim- 
ilar conclusions as to the optical effect, showing that on Aug. 2 the nebular line 
at 501.0uz was extraordinarily bright. He says that when the telescope was 
focussed more nearly for the green rays, the photograph no longer showed the 
aureole. He concludes that the effect is similar to that noticed by Barnard in the 
case of Nova Aurigz, which required a different focussing of the 'great Lick tele- 
scope upon the Nova than upon other stars 





Nova Persei.—We have begun this month the publication of a collection of 
the observations of the new star. The observations will fill some 20 to 30 pages 
of this publication. We shall be glad to receive any unpublished data which may 
be inserted in the tables which will follow in the next two numbers. The first 


portion of the lightcurve will probably be given in our next number. 
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Minima of Variable Stars of the Algol Type. 

[Greenwich Mean Time beginning with midnight. 
those of the afternoon. 
Standard subtract 6 hours. ] 


’ Cephei. 


hours 
To obtain Eastern Standard time subtract £ 


U Ophi. (cont). 


Z Herculis. 


6 


Orr O11 


Ole Ole 


V? Cygni. 


Cygni. 


23 
13 
16 

6 
20 
10 


W Delphini. 


16 
1 


ND =) 1-1 


et nS 


than 12 
for Central 


Y Cygni. 


€ 


“1D bo 


9 
10 
12 
13 
15 
16 
18 
19 
21 
22 
24 
25 
27 
28 
30 
31 


4 
10 

4 
10 

3 
10 

4 
10 
10 

4 
10 
10 
4 
1¢ 
10 
+ 
10 


S Antliz. 


Period 7" 46", 


15 


are 


t 








Variable Stars. 461 





Density and Figure of Close Binary Stars.—A very interesting 
paper is given in Nature Sept. 12, 1901, by Alex. W. Roberts of Lovedale, South 
Africa. After indicating the method by which the density of a variable star of 
the Algol type may be determined from the form of the curve of its light varia- 
tions, he calls attention to the fact that the mean densities thus derived all come 
out small, approximately 0.2 that of water. This is in essential agreement with 
what should be theoretically expected of the condition of a pair of bodies just 
formed or forming by the partition of a rotating ellipsoid. “If the result had 
been that the average density of close binary systems, or the actual density of 
one system, was, say, much greater than that of the Earth, then it would be 
difficult to understand how separation could take place under these conditions- 
On the other hand no violence is done to our appreciation of what is reasonable 
when we find that a// close binary systems have a density much less than water; 
in some instances, indeed, we meet with densities approaching that of a gaseous 
nebula. Such a condition of tenuity is evidently favorable to disruption.”’ 

Of the twenty-two Algol variables at present known the writer says that five 
are binary systems the components of which revolve in 
V Puppis, X Carine, RR Centauri, 8 Lyre and U Pegasi. 
graphs of the paper are as follows: 


contact. These are 


The concluding para- 


“Since the foregoing article was published, an examination of all the observa- 
tions of X Carinz and RR Centauri made at Lovedale has been completed. It is 
found that the twin stars of X Carine have parted company. They are no longer 
in actual contact, although a distance of only one-tenth of their diameters sepa- 
rates them. The observations of this star also do not indicate an unmistakable 
distortion of either component. 

“In the case of RR Centauri we have atwin system similar to that of V Puppis 
with this difference, that the form of the light curve indicates beyond doubt a 
considerable ellipsoidal form of both stars. Indeed, a dumb-bell figure of equilib 
rium similar to that indicated in Professor Darwin's treatise on 


“Figures of 
Equilibrium of Rotating Masses of Fluid 


(p. 429) would produce variation of 
the same character as that of RR Centauri 

“Of the interest which attaches to all investigation, whether by telescope or 
spectroscope, concerning these remarkable binary systems, there can be no man 
ner of doubt. For we are dealing with the origin of stellar systems. 


“Hitherto, in theory only have we had cognisance of some great gaseous orb 
aggregating itself into two separate and distinct bodies. 

“By the action and interaction of their tidal forces, the gap between the com- 
ponent stars grows wider and wider; the system ceases to be a close binary star 
fulfilling its period in days; it takes months to complete its circuit 

“And still the apocentric revolution goes on, until 


at last, the star becomes a 
visual binary, one component separated from its fellow by the 


\ 


width of the whole 
system. 

“From V Puppis, on the one hand, a dumb-bell system speeding rouud in 
thirty-five hours, to the twin stars of Castor, completing their great round in one 
thousand years, we have a regular chain of sequences in distance. 
“The links of thischain are made evident by observation as well as by theory. 
It is not unreasonable, therefore, that the present trend of astrophysical research 
should be in the direction of discovering more fully and certainly the different 


stages of evolution and development in the architecture of the heavens.” 
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GENERAL NOTES. 


The assassination of William McKinley, the President of the United States, 
has cast a shadow of sorrow over the whole civilized world, the darkest part of 
which enshrouds the whole United States, one of the noblest, freest and happiest 
nations on Earth. 


The leading article in this issue we have been hoping to see and expecting to 
present for several months past, in one form or another, for it has been in antici- 
pation, and Professor Langley of the Smithsonian Institution some time ago 
wrote us, in answer to our inquiry, that he had something in relation to the 
bolometer and its work that was better than anything then in print. In the 
article referred to expectations are more than fulfilled. 


The Visibility of Mercury.—In a recent letter from John H. Eadie, of 
Bayance, New Jersey, a reference is made to the visibility of Mercury. The arti- 
cle by Seneca Jones in our last issue, referred to the brilliancy of Mercury when 
at its brightest, as being under-estimated, because more or less involved in twi- 
light. He also compared it with Capella and found it unmistakably brighter 
than the latter. 

Mr. Eadie remarks that the eclipse of May 28, 1900 gave abundant confir- 
mation of this; for the planets Mercury and Venus were both visible during the 
time of totality, the former about three degrees west of the Sun and the latter a 
short distance above the eastern horizon. They both appeared of approximately 
the same brightness. Mercury notwithstanding its nearness to the corona, was 
very bright. No star was visible to compare it with, but it seemed safe to say 
that it equalled Jupiter in brilliancy, as the latter appears in our evening sky at 
the present time 





Annals of the Astrographical Observatory of the Smithsonian 
Institution, Washington, D. C.—Vol. I of the Annals of this institution 
have recently come to hand. As indicated in another paragraph, and also 
shown in the leading article, this publication is a volume representing the work 
done in Professor Langley’s peculiar field of investigation since the year 1881, 
more or less fully, by the aid of the new instrument then invented and since that 
time known as the bolometer. In 1881 the work with this new instrument was 
begun in the clear air of an altitude of over 12,000 feet. The ‘lower infra-red 
spectrum’? was then an unknown spectra! region. ‘‘The bolometer has since 
been used to explore and to map the region in question, through the long succeed- 
ing interval, in the latter part of which, it has reached an accuracy and a sensi- 
tiveness greater than Professor Langley could have hoped for. 

The map which accompanies the article was completed in its present form 
in June 1900, after years of constant labor. The work which it represents is by 
no means finished, but the map is published at this stage of its progress, think- 
ing that the results so far reached may be made useful in this way. 

In his early work, Professor Langley noticed a change in the infra-red spec- 
trum at different hours of the day, and at different seasons of the year. Later 
improvements of earlier methods bring more conclusive evidence of distinguish- 
able effects at different seasons of the year upon the absorption of solar heat by 
the Earth's atmosphere. 

Professor Langley makes this interesting statement: ‘ While we are far from 
looking forward to foretelling by such means the remoter changes of weather 
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which affect the harvests, or to results of such importance as the power of such 
a prevision would indicate, still it is hardly too much to say that we appear to 
begin to move in that direction, and it seems to me that my own early hopes of 
making the study of solar energy not simply an interesting scientific pursuit, 


but one of material usefulness, may one day be justified. 


We want to say more about this work late 


A Mechanical Calendar.—We have just received ani 





t iteresting mechanical 
universal calendar, from the author, Alexander Rydzewski, of Officer Street 
House 13, Lodging 26, St. Petersburg, Russia. He has sent with it a full di scrip- 
tion. A photograph of the calendar and the explanations of its use will be given 


in our next issue. Professor Rydzewski writes well in English 


Greenwich Second Ten-Year Catalogue for 1890 contains 6892 


stars, and forms appendix II. of the Greenwich observations of 1898 An intro- 


ductory plate shows the mean corrections to the ht 


1 1 
ascensions of t clock 





stars from 12-hour groups of the 1860, 1864, 1872, 1880 and 1890 catalogues 





These mean corrections are determined by drawing smooth curves through the 
observations in 12-hour groups, platted on squared paper. The mean corrections 
for the catalogue of 1890 are very small, and very much less than those of the 
years 1860, 1864 and 1872. This chart is an interesting one 

Observations of the Perseid Meteors.—On August 10, a or ll 
day and evening was suddenly cleared by a sharp thunder storm, so that obset 
vations could be taken. The intervals were for two hours 

11" to 11" 10™ one observer counted 3 Perseids in the S.W 
iz * ii. 3 " a { ‘ E.E 

Fog covered the sky for the rest of the night « cept for breaks in patches 
Nug. 11 cloudy but Aug. 12 gave some opport ; 
10" to 10" 50" one observer counted 5 Perseids N.1 
) Miedene : - 7 33 ere ¢ S s 
22 * 1 was misty and nothing could st 1 
1505" to 15 55™ one observer counted 39 Perseids 
\ug. 13, many brilliant ones were reported v 

It seemed quite evident from the obse1 s that ne radiant ould 
satisfy the different paths of meteors observed. The change seemed to i 
motion of the radiant to the north and s l isual apparent grouping of 
he meteors was noticed, three or n losel il g le aA tl 

R. I 

BURLINGTON, AUG. 19, 1901 

Sunspots during the Year 1900.—In the Monthly Notices of the Roval 
Astronomical Society for June, 1901 is found rief article giving t ( 
areas and heliographic latitudes of sunspots in the year 1900, deduced ft ph 
tographs taken at the Royal Observatory, Greenwich, at Dehra Dun (Indi imi 
in Mauritius 

The principal features of the record for 1900, as shown this pape 

1 “The decline in areas of umbra vhole spots and facule have ( 
tinued, mean daily spotted area being about two-thirds, an { fac 
ulz about half the corresponding quantities for 1899 

2. ‘‘The decrease in the area of the umbre is slight 

3. ‘*The northern hemisphere has, as in 1899, been much the less act riy 


ing only one-third of the total mean spott 
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4. “Only seven groups seen for at least ten days and with an average area 
exceeding 100 millionths of the hemisphere appeared during the year, viz: Jan. 
28-Feb. 6, March 26-April 17, April 27-May 6, May 21-June 1, June 15-24, Oc- 
tober 17-28. The second and fifth of these groups may be identified with groups 
seen in a previous rotation; the third and fourth which form one large group 
} 


with a group in a subsequent rotation.” 


5. “There has been a further approach towards the equator in the mean lat- 
itude of spots.”’ 

6. “Out of 360 days on which photographs were obtained there were 191 
days without spots, 205 without facula, and 79 of these days were without 
spots or faculz.”’ 


7. “The minimum d 


loes not appear to have been reached in 1900; at the date 


of this paper (1901 July) no spot of high latitude marking the beginning of a 


new cycle has been seen 





The Moon and Wet Days. A letter of interest appears in Knowledge of 
August 29, 1901, p. 424, on the popular topic “The Moon and Wet Days,” by 
Alex. B. McDowell. The aim of the article is to find what influence the Moon ex- 


by 


erted on the weather, if any, during the last twenty-four years. The data (which 
are for Greenwich) are as follows: Three groups of days are found in the year. 
First, those days with 0.5 inches of rain or more in the year. Second, days with 
0.4 inches of rain or more from April to September, called the summer half of the 
year; and third, days with 0.2 inches in the summer half of the year. 

“The method in each case was first to ascertain the distribution in seven 
days, about each of the four lunar phases, 7. e. how often each of these twenty- 
eight days had rain amounting e. g. to 0.5 inches or more.’’ Then plat these re- 
sults and draw a smooth curve with the averages of the three values named 
above. In the first case the lines used to represent results both the smoothed 
and the unsmoothed ones are given. In the second and third cases, the smoothed 
ones only appear in the diagram. 

All the smoothed curves curiously agreein presenting a minimum between the 
full Moon and the last quarter. The maximum occurs in the first and second 
cases near the first quarter. In the third case, however, the first quarter only 
comes into prominence. 

“The salient facts then are, in the first case, if all the wet days (182) were 
uniformly distributed throughout the four weeks, each group of three days 
would have about 20 cases of that degree of wetness (0.5 inches or more). Now 
the lowest group, about the day before the last quarter, has eight, and the high- 
est, about new Moon, has twenty-nine, or nearly four times as many.” 

In the seeund case, the corresponding numbers are, average seventeen, mini- 
mum ten, maximum twenty-five, and for the third case, average forty-six, mini- 
mum thirty-six, and maximum fifty-eight. The contrast becomes less marked as 
we lower the limit. From these figures it appears that the minimum of wet 
weather comes between full Moon and last quarter, and that the maximum ap- 
pears to be about the time of new Moon. 

The author of this letter suggests that the next twenty-four years might not 
show the same results. If that period should corroborate this, the relations in- 
dicated would certainly grow in importance. 

It will be at once observed that this moon-and-weather question is put in a 
new light by this mode of study, and, for all this example is worth, it seems to 


favor wet new Moon and the dry last-quarter phase. But what earthly or ce- 
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lestial relation can possibly exist between new or old Moon, and the condition of 
wet or dry weather on the whole Earth or any part of it, seems to be beyond the 
power of many scientific mortals to find out 

Eros and the Solar Parallax.—One of our esteemed correspondents is 


desirous to know how the observations of the planet Eros is to aid astronomers 
in determining the solar paraliax. In the first place, as a part answer to this 
query, we printed Professor Campbell’s brief article taken from the publication of 
the Astronomical Society of the Pacific in a recent number of PopuLarR ASTRON 
“omy, but that interesting paper apparently was not explicit enough to reach the 
difficulty in the mind of our querist 
We do not feel sure that we can now do better in the limited space at hand, 
yet we will try, as we have before our minds quite exactly what our correspondent 
wishes to know, and this particularcase was notin Professor Campbell's thought 


like it must have been, for the article 





when he wrote, although something «1 
seemed to us to be just the explanation needed 

We think our querist knows from the principles of elementary astronomy 
that the distances of all the planets from the Sun are very accurately known in 
the terms of the distance of any one of them. For example, let us suppose that 
we call the distance of the Earth from the Sun unity; then by the principles of 
elementary geometry we can find the distance of the planet Venus, Mars or 
Jupiter or any other one from the Sun in terms of the Earth's distance. This is 
probably very plain to our querist, because the detailed demonstrations of the 
methods of finding these results are given in nearly all elementary astronomies. 
But this fact should always be carefully noted, that the results so obtained are 
given in the terms of the distance of the planet which is chosen as unity or some 
other number. Ifthe Earth’s distance from the Sun is unity, Mercury’s distance 
will be represented by 0.387, Venus’, 0.723, Mars’, 1.523, Jupiter’s by 5.202 and 
Neptune’s by 30.054. By this we mean that Neptune is a little more than 30 





times as far from the Sun as the Earth is. The methods of proof used to get 
these results are very exact, and they are so easy that we do not need to specify 
the steps by which they are obtained 

In the next place, we suppose our readers have a definite idea of what is 
meant by parallax. It is simply the apparent displacement of a body looked at 
in space, caused by the change of the position of the observer. Any one can illus- 
trate the fact ina very simple way. Hold a pencil before the face and toward a 
window, and then close one eye after the other, and notice the apparent change of 
position of the pencil as it is projected against the window. The change of the 
line of sight from each eye respectively causes the pencil to appear to change its 
place in the window. If we think of an angle formed by drawing lines from the 
eyes of the observer to the pencil we have what is called, in this instance the par 
allax of the pencil, and it is plain that this angle gives the exact amount of the 
displacement of the pencil in the window as aforesaid 

Another thing must be as easily seen as the two steps mentioned, and that is, 
the size of the angle of parallax will vary inversely as the object is far or near to 


the observer. This can be readily seen by use of the pencil as before. Now if the 


parallax of any heavenly body varies inversely and exactly as the distance, then 
the nearer the body is to the observer the greater will be its angle of parallax. 
The planet Eros recently has come nearer to the Earth than any other planet in 
the solar system, hence its angle of parallax is greater (when so near) than that 
of any other planet. Now, as an angle can be measured more accurately when it 


s comparatively large than when it is very small, the planet Eros is a favorable 
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object to observe for the purpose of obtaining its own parallax. It is also a 
more favorable object to measure than Venus because in the telescope it is like a 
small star, while Venus is a large and bright object. 

For another reason Eros is preferable for observations of this kind, and that 
is the long time during the nights of opposition that the planet may be observed. 
This is obviously not the case with the planet Venus. For these reasons mainly 
the planet Eros will prove very useful in getting its own parallax accurately. 
Then if the parallax of Eros is known, its distance can be found just as accurately 
and from that the distance of all the other planets of the solar system, including 
that of the Sun, from all others. But if the distance of the Sun is known then we 
can know his parallax just as certainly. 

It is in this-way that the observations on the planet Eros will avail in finding 
the parallax of the Sun. We think our friend knows that astronsmers in differ- 
ent parts of the world have been both photographing the planet with the neigh- 
boring stars around, as it moves among them from night to night for months 
past. They have also been measuring the distances of this little planet from 
neighboring stars by the aid of the micrometer from night to night, for the same 
period that photographs have been taken. This work has for its object to obtain 
as exactly as possible, the relation of the planet to particular stars. American 
astronomers are doing that and so are Europeans doing the same thing. The 
European and the American astronomers, for example, will compare the places of 
the planet as related to the same stars. The apparent places of the planet with 
reference to these same stars will differ, because the observers were not at the 
place on the Earth. (Think of the illustration of the pencil). From this appar- 
ent difference of place, the angle of parallax can be obtained, and then with the 
other steps mentioned which will easily follow in order, the work will go forward 
to completion. The amount of labor involved in it is very great, but artronom- 
ers love to do it and in time it will be accomplished. 


Ratio of Progression in the Number and Light of the Stars.— 
Those who do not see the Astronomical Journal ought to have at least the final 
paragraph of a paper that appears in No. 507, page 21, by Simon Newcomb, 
under the title, On the Cordova Durchmusterung and some Conclusions Derived 
trom it. 

Preceding the last paragraph, the author has been speaking of the richness of 
star light in different parts of the sky to a unit of area on its surface, he then 
Says: 

“Most noteworthy is the deviation of the richness to 9".0 from that found by 
Seeliger and Schonfeld’s Durchmusterung. From the preceding investigation we 
should find, for the region within 40° of the S. galactic pole 

Richness to 9™.0 = 1.93 

While Seeliger found 3.19 
This great difference must be attributed to a difference between the scale of mag 
nitude of the S. H. Photometry and that to which Seeliger reduced his results. If 
this is the sole cause, then, to 8".5 of Seeliger’s standard corresponds 9".0 of 
the Harvard scale. This singular discrepancy I am not in position to clear up. 
The difference is slightly greater than that between the Harvardand the Cordoba 
scales; since to 9™.0 of the Harvard scale corresponds to 8".6 of the Cordoba 
scale. We might, therefore, anticipate a close agreement between the Cordoba 
scale and that of Schonfeld. But, when we pass from magnitude 8".5 to 9".0, we 
find the Cordoba richness for 8".9, which is 3.14, to be almost equal to that o 
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Schonfeld for 9.0. It would seem, therefore, that the interval 8".5 — 9.0 of 
Schonfeld’s scale corresponds to 8".6 to 8".9 of the Cordoba scale.” 


A desideratum of stellar astronomy at the present time is a determination of 


the ratio of progression in the number and light of the stars, as we ascend in the 
scale of magnitude.” 


The Study of Terrestrial Magnetism.—Popular interest is not much 
aroused in the matter of terrestrial magnetism, and it seems that where popular 
interest is lacking, scientific men are apt to be sluggish in investigation 
We have lately had a great quantity of literature given to the world about 
the sun-spot of 20th-30th May, called forth it would seem by the Abbe Moreux 
article in Cosmos, June 10th, of which a summary was telegraphed to this con 
tinent. People have been connecting this moderately large group of spots with 
the abnormal heat waves experienced here and there in the world and inferring 
all sorts of consequences as the usual outcome of sun-spots. I think that all who 
reason thus will get into inextricable tangles until they recognize that a sun spot 
is only an effect and not a cause, that the cause has to be looked for at a different 
time and in a different solar position from the time and place where the spot ap 
pears. 

For years I have been asserting and proving this fact, for astronomer afte: 
astronomer, from Tacchini and the late Father Denza to Flammarion, and now. 
if one will, to Moreux. And it is so sit 


nderstand, so easy to establish! 
All vou have to do is to examine the cury trial magnetic forces. I pre 
fer that of horizontal force. 
Whenever an important sun-spot appears magnetic disturbance is con 
nected with it, shown by a depression in the line of horizontal force record. Not 


always when the spot is central on the Sut ny other given solar po 
sition. Not always when the spot bre 


period before; and almost always one 


ies a solar rotation 


( CC Ss re ord the origin of the 
spot for three, four or more months (solar rot ns of 2714 days) before the spot 
becon es Vv isible 

In the case of this group, which the Abbe Moreux saw coming er the east- 
ern limb on May 20th, it would have been easy to predict from the magnetic 
curve that something a little out of the « is 2 ° to occur on the S 
For, during this most quiescent solar season and period, there was a marked de 
pression of the magnetic horizontal forces g itslowest Dec. 28th last 
That was the lowest depression of that month; the lowest indeed since October 
25th. This phenomenon was repeated on January 23d, 1901, February 20th, 
March 19th, April 16th and May 11th and 12tl In March, it may be said, this 
partic ular dip was not the lowest: for, as usuall ppens, the disturbance broke 
into two, presaging a division of the sun-spot g Ip soon to appear, and th 
lowest dip was five days after the periodical one, duly returning as above 

Mark the intervals: 

December 28th to January 23d 26 days 
January 23d to February 20t 28 days 
February 20th to March 19t1 svivteceensied GUMS 


March 19th to April 16th 
April 16th to May 12th 


27 days 
2t 26 days 
This is very near the solar rotation period, d 1 think a better guide to the 
rotation period of the Sun is given by magnetic periodicities than by observing 
spots. Of course the surface of the visible atmosphere to which the spots float 
up rotates in different times, the spots drift, they change their form. On the other 
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hand the level at which the spots form and from which they take months to rise 
may not always be the same. But I prefer the magnetic periodicity to the spot 
movement or to the line-of-sight estimates of the spectroscopists. My estimate 
based on 50 years’ observations is 27.24575 days, synodical. I do not certainly 
connect the magnetic forms of one period with those of another, because of the 
uncertainty above referred to, but 1 cannot be very far wrong. For instance, in 
examining the magnetic curves of this minimum and comparing them with those 
of the last, I find that the great depression of Oct. 25th last, accompanied by a 
large spot, agrees with the great depression of Sept. 9th, 1889. There are 149 
solar rotations between the two dates, of the above length, viz, 4060 days. The 
calendar gives 4061 days. And as to the depression of 28th Dec. 1900, it corre- 
sponds with that of Oct. 18th, 1889,—150 rotations—4086 days. Both were 
many times repeated, as above stated for the depression of 1900; both were fol- 
lowed by spot outbreaks. 

You will see, as will the most casual reader, the fundamental importance of 
giving due weight the time of the origin of solar disturbances in attributing to 
them any bearing on the weather, heat or rain-fall. I think the condition of the 
Sun has a very important bearing on terrestrial meteorology, and that much can 
be traced up by considering the time of solar activities as indicated by the mag- 
net, and the position of the active areas on the Sun, of which the solar latitude, 
but not the longitude, can be approximately gathered from the positions in which 
the spots appear to which those activities ultimately give rise. It seems clear 
that the spot is the result of a convection current bringing gases and vapors from 
far within the Sun to its surface. But these gases float up slowly, and on reach- 
ing the outer layer of the atmosphere in a much enlarged condition, are neces- 
sarily in a state of great disturbance, which gradually ceases, the spot growing 
smaller and causing less faculz as time goes on. The Abbe Moreux probably saw 
the spot on the 20th of May, before it had adjusted itself to its environment, and 
therefore he described it asin a state of violent change, so much that one who 
saw it in the morning would not see any resemblance to it left by the afternoon 
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The Discovery and Cataloguing of Small Nebulz by Pho- 
tography.—This is the title of a recent paper by Professor Max Wolf, Director 
of the Observatory at Heidelberg. He speaks of his astonishment at the large 
number of small and planetary nebule to be found upon his photographs, taken 
by means of a double objective of great relative aperture, which had for their first 
purpose the detection of asteroids by means of their tails and of faint tenuous 
masses of nebula. In many places the sky seems to be densely strewn with these 
small nebula. To take an extreme example, on one plate, taken March 24, 1892, 
with an exposure of 96 minutes, there were found in a circle of 1° radius around 
n Virginis 180 nebulous masses. It thus seems that the photographic doublet 
will bring to our knowledge an enormous number of hitherto unknown nebulae. 
In view of this the writer determined to devote himself especially to the study of 
these small nebulae and made many negatives averaging two hours’ exposure. 
After this was done it was necessary to determine the positions of the new ob- 
jects. This was first attempted with a Bamberg micrometer microscope, but al- 
though this method gave excellent results, it was so laborious that he was forced 
to give it up and use the parallactic measuring machine invented by Professor 
Kapteyn of Groningen, by means of which the work is much facilitated although 
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the method is much less accurate. By the use of a new doublet, of 40cm aper- 
ture and 2 meters focal length, the small nebulae are more easily recognized and 
the work of cataloguing is much easier. 

Thus by means of photography and a single measuring apparatus it is possi- 
ble to catalogue and describe untold numbers of as yet unknown nebulz. In one 
place near the Milky Way, which had been considered to have only few nebula, 


and in which Dreyer’s New General Catalogue gives only three, 135 nebula 


were 
discovered in a space covering 47 square degrees. This only goes to show how 
little we really know about the nebulae and when we learn all we can about them 
by this photographic method we will be somewhat nearer the solution of a 


question of great import, the constitution of the universe 


The Study of College Algebra.—Quite unusual attention has been, 
- - - 
and is being, directed to the preparation of books, by teachers, for the study of 
algebra, in secondary schools, and in colleges, T he first thing to be noticed in 
the preparation of these books is the attempt on the part of the writers of them, 
pre] I I 


to relate properly the real needs of the two classes of schools, in regard to what 





and to how much of algebra should be pursued in these schools respectively. In 
this view of the matter the question, once, arises: Shall two books be pre- 
pared, one for secondary schools which shall at a preparation for college o1 


university and nothing more, and the other be devoted to college work and that 
of the technical schools, or is it wiser to prepare one book large enough and thor- 
ough enough to cover the whole subject of algebra, and so assume that the one 
book shall meet all the needs of all these various schools that at all give attention 
to the subject. 


Seeing that teachers in high schools, academies, normal schools, colleges and 


universities seem to have an inclination latterly to write books on algebra. for 
more or less general use, in the schools of this country, it seems to us that it is 
time to look very carefully at the interests of the schools in regard to the books 
which the schools require students to use, in the pursuit of school courses 

After teaching algebra for many years, we, for ourselves, must say that two 
books answer our purpose better than one, provided the matter for each book is 


well chosen, and each book offers the necessary drill in principle and exercises to 
secure independent thinking in lines wisely adapted to secondary schools and to 


colleges and‘universities. Our reasons are briefly these 


1. One book covering the whole subject of algebra is necessarily large and 
expensive, and puts on the teacher the duty of selecting a part of the book needed 
for his particular class. These are burdens that ought to be avoided 

2. It appears te us that it is not wise to put into the hands of beginners 
books so large that they approach treatises o lgebra. So much is not neces 
sary, and it is sometimes discouraging ’robably most of the authors of these 
large and more complete books do not mean to have them used in elementary 
work, but give that part of the subject to be accessible for reviews. The 


to this seems easy, for only the briefest reference to elementary principles o1 





reviews to be necessary. To sucha plan no serious objection could lie, f 
would plainly imply that the elementary has been elsewhere prepared 

We have before us two new books on algebra. One is a college algebra by 
James Harrington Boyd of the University of Chicago, Messrs. Scott, Foresman 
and Company, of Chicago, are publishers. The book contains 587 pages. It is 
well printed and neatly bound. Its contents is varied, extensive and thorough 


and apparently would require a full year of college work to complete this book 
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We are not informed very definitely as to the amount of time used in the heavier 
university courses in mathematics. It may be that some universities give as 
much time as that to algebra. It is certainly true that collegescan not devote so 
much time to algebra exclusive of entrance preparation; it is very doubtful if 
many universities can give so much time to the study of algebra in their courses, 
as implied in the author’s plan which is derived from his experience, and which he 
thinks requisite to a good college course. Now, this much is said rather in the 
interests of the schools for which the book is prepared, than as applying to the 
choice and treatment of the topics which the book presents. We have said the 
book is thorough, scholarly and quite complete in the discussion of the topics 
chosen. The introduction is unique and helpful in treating of numbers, their rep- 
resentation, their laws and applications. 

Book I. so-called considers the elementary operations including fractions in 
which factoring is some what fully considered. 

Book II. is concerned with the solution of equations of the first degree. In 
this division occur two chapters not usually given at so early astage. These 
chapters present the graph of the general indeterminate equation of the first de- 
gree between two unknown quantities usually represented by the form y= mx + bh, 
and the solution of simple indeterminate equations of two or more quantities 
limited to certain positive values, commonly classed as diophantine equations. 
These chapters bear clearly and well on the theoretical and the practicnl uses of 
the algebra. 

300k IIT. deals with involution, evolution, exponents, surds, inequalities and 
kindred topics. It covers more than 100 pages and it is thoroughly strong. 

300k IV. presents the equation of the second degree in which the study is car- 
ried forward by the aid of several geometrical figures, as well as graphs which 
bring out the ideas of the analytical side, while seeking the fuller meaning of quad- 
ratic equations by such means of representation. 

Book V. gives the themes of ratio and proportion, variation, progressions 
and logarithms 

Book VI. deals with mathematical induction and the expansion of the binom- 
ial. The first topic is very suggestive and helpful. 

Book VII. treats of limits, convergence, undetermined co-efficients, partial 
fractions and exponential and logarithmic series and limiting values of indeter 
minate forms. The topics of convergence, logarithmic series and indeterminates 
are well, properly and fully given, in our judgment in their right places. 

Book VIII. which concludes the volume, presents determinants, cubic equa- 


tions, fourth degree equations, n roots of an equation, and the theory of equa- 
tions 


The other new ok referred to above is a higher algebra by Fisher and 
Schwatt of the Univ vy of Pennsylvania and published by the authors. The 
book contains 614 pp 

This book is on the same general plan of the one already considered. It is 
printed in about the same type with a smaller page and it contains about 170 
pages less in number. Its matter is therefore more than one-fifth less than that in 
Professor Boyd's book 

This book follows more closely the usual methods of study in algebra and 
hence does not need the specialization given to the other. The first 300 pages is 
given to subjects in about the usual order preceding equations of the second de 
gree. 

In the last half of the book appear quadraties, equations of higher degrees, ir- 
rational equations, proportion, variation, exponents, progressions, binomia 
theorem, logarithms, permutations, series,expansion of certain functions, partial 
fractions, determinants and the theory of equations. The choices of topics and 
the omission of others in these two books are singularly and interestingly alike. 
Tuey are undoubtdly in accord with the best judgement of ripe scholarship of the 
present day respecting the branch of algebra. That the work in both is rigorous 
is evident as far as it has been examined. Teachers of this important branch will 
generally be interested in the perusal of these new books on algebra. 





